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No.  1.  — A  RARE  THALASSINID  AND  ITS  LARVA.1 

BY  MILLETT  T.  THOMPSON. 

In  the  summer  of  1901  while  working  at  the  Woods  Hole  station 
of  the  United  States  fish  commission  on  research  that  required  daily 
examination  of  the  plankton,  my  attention  was  attracted  by  a  Macru- 
ran  zoea  which  occurred  at  intervals  throughout  the  latter  part  of 
August.  A  sufficient  number  of  specimens  was  procured  to  permit 
of  rearing  the  earlier  adolescent  forms.  The  chelicipeds  of  these 
stages  resembled  in  shape  those  of  Crangon,  Pontophilus,  and 
other  genera  of  the  Crangonidae ,  but  the  structure  of  the  zoea  and 
mysis  stages  forbade  reference  of  the  larvae  to  any  Caridian.  They 
were,  therefore,  tentatively  assigned  to  the  Thalassinid,  Naushonia 
crangonoides ,  which  alone  of  New  England  Macrura,  outside  of  the 
Crangonidae ,  has  chelicipeds  of  the  form  characteristic  of  that 
family.  The  correctness  of  this  supposition  was  attested  beyond 
doubt  by  comparison  with  the  type  specimen  of  Naushonia.  Indeed, 
the  structural  resemblances  tvere  much  closer  than  is  frequently  the 
case  when  adolescent  and  adult  Decapods  of  the  same  species  are 
compared. 

So  far  as  known,  only  two  specimens  of  Naushonia  have  been 
collected,  both  of  which  I  have  had  opportunity  to  examine.  The 
first  specimen,  a  male,  on  which  Dr.  J.  S.  Kingsley  founded  the 
genus  and  species,  was  taken  by  Dr.  II.  C.  Bumpus  in  sand  from 
one  of  the  small  channels  on  Naushon  island  near  Woods  Hole,  in 
1893.  The  other  specimen,  a  female,  was  collected  by  Mr.  G.  M. 
Gray  in  July,  1899,  at  Ram  island,  a  small  islet  in  Woods  Hole  har¬ 
bor.  Mr.  Gray  informs  me  that  he  dug  this  shrimp  in  sand  at  a 
’depth  of  about  ten  inches,  the  burrow  having  a  peculiar  funnel- 
shaped  mouth.  When  collected  it  was  carrying  immature  eggs  on 
the  abdominal  appendages,  but  in  captivity  soon  devoured  these. 
The  two  specimens  agree  in  all  essentials  and  the  following  descrip¬ 
tion  applies  to  both  except  when  otherwise  noted,  although  it  and 
the  accompanying  figures  were  prepared  mainly  from  the  type 
specimen. 

1  From  the  Anatomical  laboratory,  Brown  university,  and  the  laboratory  of 
the  U.  S.  fish  commission  at  Woods  Hole,  Mass. 
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In  the  prosecution  of  this  work  on  the  adult  and  immature  Nau- 
slionia,  I  wish  to  express  my  especial  indebtedness  to  Dr.  H.  C. 
Bumpus,  of  the  American  museum  of  natural  history,  and  to  Mr. 
G.  M.  Gray,  collector  for  the  Marine  biological  laboratory,  for  the 
loan  of  specimens  of  the  rare  adult. 


Naushonia  crangonoides  Kingsley. 

Length  of  male,  26  mm.;  of  female,  36  mm. 

Carapace  (pi.  1,  figs.  1,  2,  4)  cylindric,  depressed  in  front,  not 
pubescent;  dorsal  and  branchial  areas  sharply  defined  by  prominent, 
straight,  longitudinal  groove  (si)  or  “linea  thalassinica  ” ;  dorsal 
area  truncate  posteriorly,  gastric  region  not  much  longer  than  car¬ 
diac,  cervical  groove  (sc)  well  marked  in  middle,  weak  at  sides, 
more  distinct  in  the  male;  branchial  areas  widely  rounded  posteri¬ 
orly,  anteriorly  with  indications  of  a  vertical  groove  in  forward 
fourth,  and  of  a  horizontal  groove  dividing  the  resulting  antero- 
branchial  area,  these  grooves  not  visible  in  the  female;  anterior 
borders  of  carapace  finely  serrate,  other  borders  entire ;  external 
notch  well  marked ;  antennal  spine  present ;  carapace  smooth 
except  along  grooves  and  ridges,  and  in  dorsal  and  antero-branchial 
areas,  which  are  dotted  with  fine  tubercles  visible  under  a  lens; 
supra- orbital  keel  (sor)  short,  weak ;  within  this  another  keel ;  an 
indistinct  median  keel  along  posterior  six  sevenths  of  back ;  supra- 
antennal  spine  minute ;  rostrum  broadly  triangular,  flat,  extending 
beyond  eyes  ;  borders  recurved,  finely  serrate,  beset  with  fine  hairs. 
Epistoma  free,  in  shape  an  isosceles  triangle,  apex  serrate,  borders 
hairy.  Sterna,  where  visible,  flat.  Genital  openings  indistinct,  in 
coxa  of  male,  and  coxal  joint  of  female. 

Abdomen  (pi.  1,  fig.  1)  a  third  longer  than  carapace,  without 
caiinae  or  spines,  epimera  moderate  ;  smooth,  except  for  microscopic 
tubercles  on  sixth  segment  and  telson ;  epimeral  borders  of  first 
and  sixth  segments  truncate,  of  other  segments  rounded,  borders 
entiie,  with  fine  hairs;  in  female,  with  long  hairs  on  inner  face  of 
epimera  near  margin  ;  dorsal  borders  of  segments  truncate  ;  sterna 
impel rectly  calcified;  telson  (pi.  1,  fig.  3)  a  third  longer  than  broad, 
tubercles  on  surface  projecting  backward;  tip  regularly  rounded ; 
outer  third  of  border  with  fringe  of  long  hairs ;  no  spine  at  external 
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angle.  In  the  female  the  abdominal  segments  measure,  respectively, 
along  the  back,  2,  3,  3.8,  3.9,  5,  3.3,  and  4.7  millimeters. 

Eyes  on  short  peduncles,  not  visible  from  above ;  a  minute  pig¬ 
ment  iieck. 

Antennulae  (pi.  1,  fig.  2)  with  short  tapering  flagella;  inner 
about  half  length  of  outer ;  in  female  shrimp,  inner  of  about  twelve, 
outer  of  fourteen  joints  ;  flagella  of  male  broken  ;  peduncle  smooth, 
with  fine  hairs,  first  joint  longest,  distal  joint  not  especially  elongate, 
flattened  dorso-ventrally. 

Antennae  (pi.  1,  figs.  2,  4)  with  an  ovate  scale,  whose  tip  reaches 
middle  of  distal  joint  of  peduncle ;  surface  of  scale  tuberculate  like 
carapace,  unequally  divided  by  a  keel ;  outer  border  serrate,  both 
borders  hairy.  The  peduncle  consists  of  five  subequal  joints;  sur¬ 
faces  tuberculate  ;  apical  borders  of  the  two  distal  joints,  toothed ; 
flagellum  present  in  female  specimen,  24  mm.  long,  tapering. 

Mandibles  (pi.  1,  fig.  6)  probably  subequal  or  equal  in  size,  deeply 
excavate ;  borders  thin,  external  serrate,  internal  with  few  scattered 
teeth ;  palpus  two-jointed  (the  proximal  joint  may  represent  two 
fused  joints),  outer  joint  “with  simple  hairs  on  its  inner,  and  stiff 
bristles  on  its  outer  margin.” 

First  maxillae  (pi.  1,  fig.  7)  with  membranous,  inflected,  inner 
lacinia ;  palpus  with  moderate,  naked  flagellum,  tip  blunt. 

Second  maxillae  (pi.  1,  fig.  8)  with  narrowly  divided  inner  and 
outer  laciniae ;  endopod  slender,  hirsute,  almost  as  long  as  inner 
lacinia ;  scaphognathite  broad,  membranous,  produced  at  posterior 
angle  and  with  tuft  of  hairs  at  the  apex  of  the  angle. 

First  maxilliped  (pi.  1,  fig.  10)  with  apex  of  endopod  expanded, 
triangular,  membranous,  exceeding  lacinia  interna;  peduncle  calci¬ 
fied,  cylindric  ;  flagellum  of  exopod  long,  first  joint  nearly  equaling 
outer  joints  taken  together,  peduncular  joint  expanded. 

Second  maxilliped  (pi.  1,  fig.  9)  pediform ;  endopod  with  outer 
angle  of  penultimate  joint  produced ;  peduncle  of  exopod  attaining 
tip  of  endopod,  flagellum  nearly  equaling  peduncle. 

Third  maxilliped  (pi.  1,  fig.  5)  pediform ;  basal  joint  of  endopod 
excavate,  serrate  on  inner  border ;  face  of  fourth  joint  with  a  series 
of  transverse  rows  of  short,  stiff  bristles  (pi.  2,  fig.  26)  ;  exopod 
attaining  fourth  joint  of  endopod. 

Pereiopods  with  ischio-basis  joint  visible  as  in  Axius  stirynchus ; 
without  exopods ;  smooth ;  bases  of  first  pair  approximate,  bases  of 
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fifth  pair  nearly  their  own  width  apart,  others  intermediate.  Cheli- 
cipeds  very  large,  subequal, —  in  the  male  specimen  the  left  only  is 
present, —  subchelate,  smooth,  margins  hairy;  meros  nearly  (male) 
or  twice  (female)  as  long  as  ischium,  external  margins  acute,  teeth 
at  inner  ventral  angle  ;  carpus  triangular  in  outline,  smaller  in 
male  ;  propodus  articulates  with  carpus  by  two  tubercles,  length 
twice  (male),  one  and  a  half  times  (female)  the  breadth,  margins 
acute;  the  “thumb”  delimits  an  occludent  margin  half  as  long  as 
the  joint;  acute  with  one  large  tooth  and  many  finer  teeth  ;  dactylus 
bent  at  base  at  almost  a  right  angle,  arcuate,  with  sharp  margins, 
the  outer  of  which  is  fringed  with  long  hairs.  Second  pair  of 
pereiopods  (pi.  1,  fig.  11)  short,  flattened,  maxilliped-like,  hairy  on 
ventral  margin;  outer  joints  short;  dactylus  with  long  hairs. 
Third  pair  of  pereiopods  longer  than  fourth  or  fifth,  but  all  three 
pairs  with  long  propodi  and  slender,  arcuate  dactyli. 


Measurements  of  limbs  in  millimeters. 


Segment. 

Total  length.  Ischium. 

Meros. 

Carpus. 

Propodus. 

Dactylus. 

Chel.  ( Jc )  $ 

17.8 

2.5 

3.1 

1.2 

6.5 

4.5 

? 

21.3 

2.3 

r.  4.5 

2.3 

r.  7.0 

4.0 

1.  4.7 

1.  6.8 

II  ( l ) 

$ 

9.0 

1.5 

3.5 

1.1 

1.8 

1.2 

? 

10.5 

1.0 

3.7 

1.5 

2.0 

1.3  (?) 

III  (m) 

$ 

12.5 

2.0 

4.0 

1.9 

3.2 

1.5 

? 

14.9 

2.3 

4.0 

2.0 

3.6 

2.0 

> 

HH 

s 

11. 0(?) 

1.9 

3.0 

1.8 

2.9 

_ 

$ 

12.5 

2.0 

3.0 

1.7 

3.4 

1.4 

V  (o) 

8 

10.0(?) 

1.9 

3.0 

1.8 

2.9 

_ 

? 

— 

— 

3.0 

2.0 

3.5 

1.5 

Width  of  propodus  of  k,  ^  3.5  ;  ?  r.  4.1,  1.  4.4  mm. 

Occludent  margin  of  propodus  of  /•,  $  3.8  ;  $  3.7  mm. 

Gills  eighteen,  phyllobranch,  with  narrow,  linear  plates  as  in 
Callianassa ;  plates  broader  on  anterior  podobranchs.  No  pleuro- 
branchs.  Arthrobranchs,  13;  the  one  on  segment  g  small;  both 
gills  of  the  pairs  on  h  and  i  —  second  and  third  maxillipeds _ sub¬ 

equal;  anterior  gill  of  remaining  pairs  smaller  than  posterior. 
Podobranchs,  5 ;  large  on  h  and  i ;  small  on  remaining  segments. 
Mastigobranchs,  7  ;  broad  on  g  and  i  (pi.  1,  fig.  14),  slender  on  /i,  A',  l  • 
(pi.  1,  fig.  15),  m,  and  n,  weakest  on  n  (pi.  1,  fig.  16).  A  calcified 
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bar  (cb)  which  is  free  at  the  tip,  is  attached  to  the  base  of  the  masti- 
gobranchs  of  the  pereiopodal  segments,  i.  e .,  k,  /,  m,  and  n. 

Maxillipeds.  Pereiopods. 

g.  h.  i.  k.  1.  m.  n.  o. 

000  00000  Pleurobranchs. 

122  22220  Arthrobranchs. 

011  11100  Podobranchs. 

Ill  11110  Mastigobranchs. 

•  Pleopods :  first  pair  present  in  female,  wanting  in  male  ;  unira- 

mous,  slender,  tapering  ;  one  basal  and  several  apical  joints.  Second 
to  fifth  pairs  (pi.  1,  fig.  19)  biramous;  rami  lanceolate,  subequal, 
hair-fringed,  feebly  calcified,  without  stvlamblys.  Uropods  (pi.  1, 
fig.  13)  with  transverse  suture  on  both  rami;  rami  broad-oval,  sub¬ 
equal,  suture  serrate,  straight  in  male  specimen,  on  inner  ramus  in 
female  bent  where  it  crosses  the  slight  keel ;  borders  with  external 
spine  and  fringe  of  long  hairs. 

This  genus  clearly  belongs  in  the  Thalassinidea,  but  its  position 
within  that  group  is  uncertain.  The  flat,  prominent  rostrum,  well 
developed  antennal  scale,  moderate  abdominal  epimera,  and  the  large 
number  of  podo-  and  mastigobranchs  recall  the  more  primitive  genera 
of  the  group,  as  do  also  the  structure  of  the  maxillae  and  the  general 
form  of  the  body.  On  the  whole,  its  affinities,  then,  are  rather  with 
the  Axiidae  than  with  forms  allied  to  Gebia  or  Callianassa.  But  in 
many  anatomical  details  it  differs  widely  from  the  members  of  this 
family  and  also,  in  a  few  cases,  from  all  other  Thalassinids.  For 
example,  the  form  of  the  carapace  grooves  and  the  phyllobrancliiate 
gill  filaments  suggest  Callianassa.  The  first  maxilliped  resembles  in 
its  general  plan  the  appendage  as  developed  in  Axius,  Gebia,  Cal¬ 
lianassa,  and  Thalassina  (Boas,  ’80),  but  the  expansion  of  the 
endopod  is  unlike  anything  found  in  those  genera.  The  second 
maxilliped  in  its  general  form  is  quite  unlike  the  corresponding 
appendage  of  the  above  mentioned  genera,  especially  in  the  elon¬ 
gate  angle  on  the  penultimate  joint  of  the  endopod.  Naushonia 
is  further  distinguished  by  peculiar  combinations  of  characters. 
Prominent  among  such  are  the  gills,  which  are  unusually  numerous 
(eighteen) ,  without  pleurobranchs,  with  noticeable  development  of 
the  mastigo-  and  podobranchs,  and  with  phyllobrancliiate  filaments  ; 
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while  as  a  rule,  phyllobranchiate  filaments  among  the  Thalassinidea 
are  associated  with  reduction  in  the  number  of  the  gills,  especially 
the  ventral  rows,  and  also  pleurobranchs  might  be  expected  in  a 
species  with  so  large  a  number  of  gills.  The  internal  anatomy 
unfortunately  cannot  be  determined  until  more  specimens  have 
been  collected,  and  we  do  not  know  whether  peculiarities  are 
present  in  other  regions  beside  the  exoskeleton  and  the  appendages. 


Preadolescent  Development. 

The  study  of  the  development  even  more  than  that  of  the  anat¬ 
omy  tends  to  separate  Nauslionia  from  other  Thalassinids,  although 
it  does  not  suggest  a  relationship  to  any  remaining  Crustacean 
group. 

The  zoea  and  mysis-stage  larvae  (pi.  2,  fig.  20-23)  resemble  in 
habit  the  young  of  other  Macrura.  They  are  positively  phototactic, 
swim  on  their  backs  with  a  steady  motion  and  come  to  rest  with 
the  head  downward,  but  their  slender  form  and  ruddy  color  render 
them  immediately  noticeable.  A  closer  examination  shows  that 
they  have  a  body  form  very  unlike  that  of  most  Decapod  larvae, 
and  that  this  is  but  little  altered  at  the  successive  ecdyses.  There¬ 
fore  the  five  stages  of  *  the  preadolescent  period  may  best  be 
regarded  as  a  unit,  since  zoea  and  mysis  phases  1  cannot  be  satis¬ 
factorily  delimited.  The  five  stages  can  be  differentiated  as 
follows :  — 

1.  Third  maxilliped  rudimentary.  Length,  2.2-2. 6  mm. 

2.  Third  maxilliped  with  exopod  functional  as  swimming  organ; 
pereiopod  rudiments  noticeable.  Length,  4  mm.  (pi.  2,  fig.  20). 

3.  First  pereiopod  with  exopod  functional  as  a  swimming  organ  ; 
remaining  pereiopods  rudimentary.  Uropods  first  present.  Length, 
over  5  mm.  (pi.  2,  fig.  22). 

4.  Four  anterior  pereiopods  functional  as  swimming  feet ;  rudi¬ 
mentary  pleopods  present.  Length,  7-9  mm.  (pi.  2,  figs.  21,  24). 

1  To  avoid  the  ambiguity  caused  by  the  use  of  the  word  “stage  ”  to  indicate 
not  only  the  individual  inter-ecdysal  periods,  but  also  the  more  comprehen¬ 
sive  changes  in  form,  in  this  paper  the  term  will  be  confined  to  the  former 
meaning.  The  more  general  change  periods  will  be  designated  by  the  word 
“phase.”  •. 
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5.  Fifth  pereiopod  not  rudimentary ;  pleopod  rudiments  large. 
Length,  9.3-10  mm.  (pi.  2,  fig.  23). 

No  specimens  of  these  stages  were  collected  in  1901  until  the 
latter  part  of  August,  but  last  summer  some  first  and  second  stages 
were  taken  as  early  as  the  middle  of  July.  The  first  third  stage 
larva  was  found  about  a  week  later.  No  fourth  stage,  however, 
was  collected  before  the  second  week  in  August,  and  fifth  stages 
not  till  near  the  end  of  the  month.  Such  data  indicate  that  the 
rate  of  development  is  slow,  but  cannot  be  relied  upon  for  an 
accurate  estimate. 

The  external  structure  and  “habitus  ”  during  these  stages  are,  as 
already  rioted,  quite  unusual.  They  have  a  dark  brown  coloration 
due  to  numerous  dendritic  chromatophores  of  that  color  combined 
with  more  diffused  yellow  pigment.  The  dark  chromatophores 
cover  the  ventral  face  of  the  antennulae  and  abdomen  and  are  more 
scatteringly  distributed  along  the  bases  of  the  appendages.  The 
yellow  pigment  is  diffused  over  the  eyes,  antennulae,  bases  of 
appendages,  rear  of  carapace,  sides  and  venter  of  abdomen ;  and  a 
single  chromatophore  occupies  the  apex  of  the  proximal  joipt  of  the 
two  anterior  maxillipeds.  The  carapace  is  smooth,  and  is  produced 
forward  of  the  mandibles  into  a  short  “neck.”  The  abdomen  is 
without  carinae  or  spines,  but  the  outer  angles  of  the  second  to  the 
fifth  segments  are  modified  to  form  arcuate  processes,  and  the 
angles  of  the  telson  are  elongated.  Arcuate  processes  are  not 
developed  on  the  sixth  segment  in  any  stage,  and  only  imperfectly 
on  the  first  segment  in  the  earlier  stages.  The  abdomen  makes  up 
one  half  of  the  total  length  in  the  first  stage,  but  becomes  propor¬ 
tionately  longer  in  the  later  stages,  finally  being  twice  as  long  as  the 
carapace.  The  free  spines  on  the  border  of  the  telson  are  10  in 
number  in  the  first;  14  in  the  second  ;  14  or  15  in  the  third  ;  14 
to  16  in  the  fourth;  and  15  in  the  fifth  stage.  In  the  later  stages 
one  of  the  innermost  pair  is  frequently  much  smaller  than  its 
fellow. 

The  mandibles  (mnd)  are  similar  in  structure  in  all  stages,  but 
deserve  especial  attention  because  of  their  asymmetry.  The  one  on 
the  left  (pi.  3,  figs.  32,  34,  35)  is  arcuate  and  on  the  inner  surface  of 
its  base  are  two  stout  teeth  and  within  these  an  erect,  serrate  plate 
(pro).  There  is  no  palpus  rudiment.  The  mandible  of  the  right 
side  (pi.  3,  figs.  31,  33)  is  conical  and  the  inner  surface  of  the  base 
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bears  a  stout  process  (pro)  which  terminates  in  two  teeth  and  a  ser¬ 
rate  plate,  homologous  with  the  teeth  and  plate  of  the  other  man¬ 
dible.  A  palpus  rudiment  (p')  is  present  in  the  fifth  stage.  The 
paragnaths  (p)  resemble  their  corresponding  mandibles  in  that  they 
are  respectively  tapering  and  conical. 

The  remaining  appendages  are  symmetrical  in  all  stages.  The 
eyes  (pi.  2,  fig.  25)  are  rather  immobile  and  their  shape  recalls  the 
eyes  of  Pagurid  zoeae.  The  antennulae  are  uniramous  in  the  first 
stage  and  on  the  inner  surface  near  the  apex  is  a  long,  feathered 
bristle.  The  inner  ramus  is  developed  at  this  point  with  the  second 
stage,  carrying  the  bristle  upon  its  tip.  This  ramus  becomes  naked 
and  is  without  joints  in  the  later  stage’s,  and  is  longer  than  the  outer 
ramus  from  the  third  stage  on.  The  outer  ramus  becomes  two-  or 
three-jointed  with  the  fourth,  and  five-jointed  with  the  fifth  stage. 
There  are  seven  apical  bristles  in  the  first  stage,  four  in  the  second, 
and  two  in  the  fourth.  In  the  fifth  stage  the  apex  is  naked.  The 
penultimate  joint  in  the  fourth  and  all  the  proximal  joints  in  the 
fifth  stage  bear  two  bristles  each.  The  peduncular  joint  of  the 
appendage  becomes  divided  into  two  joints  with  the  third  stage,  and 
into  three  with  the  fifth  stage.  The  antennae  have  a  narrow  oval 
exopod,  whose  inner  border  bears  10,  12,  15,  13  ( circa ),  23  to  25 
feathered  bristles  respectively  in  the  successive  stages.  The  endo- 
pod  is  cylindric;  at  first  feather-tipped,  then  naked.  The  protopod 
is  two-jointed  from  the  third  stage  and  its  apical  border  always 
bears  two  unequal  spines.  The  maxillae  (pi.  3,  fig.  34)  and  ante¬ 
rior  maxillipeds  call  for  no  especial  mention.  The  latter  have  a 
two-jointed  protopod,  a  four-jointed  endopod,  and  a  flattened  exopod 
tipped  with  six  feathered  bristles. 

The  third  maxillipeds  and  the  appendages  lying  posterior  to  them 
undergo  more  metamorphosis  than  the  anterior  appendages.  These 
maxillipeds  are  uniramous  and  rudimentary  in  the  first  stage.  The 
endopod  appears  near  the  base  of  the  distal  protopodal  joint  (pi.  2, 
fig.  24)  with  the  second  stage  and  remains  rudimentary  throughout 
the  larval  lile.  The  exopod  in  the  second  and  later  stages  resem¬ 
bles  that  of  the  anterior  maxillipeds  but  is  smaller.  The  chelici- 
peds  (&)  are  uniramous  in  the  first  and  biramous  in  the  second 
stage,  but  no  trace  of  the  chela  can  be  found  even  in  the  fifth  stage. 
1  he  exopod  is  first  functional  in  the  third  stage.  The  second  (/), 
third  (m) ,  and  fourth  (*n)  pairs  of  limbs  are  uniramous  in  the  first 
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two  stages  and  become  biramous  with  the  third  stage.  The  exopods 
are  functional  in  the  fourth  stage.  When  functional,  exopods  of  all 
the  pereiopods  resemble  those  of  the  third  maxilliped.  The  fifth 
pair  of  limbs  (o)  is  uniramous  throughout  the  larval  period.  Gills 
appear  in  the  fourth  stage  with  the  rudiments  of  all  the  arthro- 
branclis  and  a  single  common  rudiment  for  the  mastigo-  and  podo- 
branchs  of  each  segment  except  /,  m,  and  n.  These  are  introduced 
with  the  fifth  stage  (pi.  2,  fig.  30).  The  pleopods  are  introduced 
on  segments  two  to  five  with  the  fourth  stage  and  remain  rudi¬ 
mentary  during  the  following  stage.  They  are  biramous.  The 
uropods  enter  with  the  third  stage. 

Although  a  fairly  large  number  of  young  Naushonia  was  obtained 
both  in  1901  and  in  the  past  summer,  it  has  not  been  possible  to 
study  the  internal  anatomy  in  detail  owing  to  difficulties  in  tech¬ 
nique  usual  to  the  study  of  Crustacea.  The  results  that  have  been 
obtained,  however,  show  that  in  most  respects  the  anatomy  does  not 
differ  from  that  of  other  Decapod  larvae.  The  stomach  is  laterally 
compressed,  much  deeper  than  broad,  with  a  weak  dorsal  tooth,  lat¬ 
eral  teeth  which  project  upward  rather  horizontally,  and  the  cardio- 
pyloric  and  median  pyloric  valves,  (the  two  latter  being  apparently 
confluent  in  the  first  stage).  From  at  least  the  second  stage  on, 
the  lateral  teeth  and  the  median  pyloric  valve  end  posteriorly  in 
short,  slender  spurs  so  that,  with  the  dorsal  valve,  there  are  four 
pyloro-intestinal  valves.  The  lateral  teeth  and  median  pyloric 
valve  are  setose  from  the  second  stage,  but  the  cardio-pyloric  valve 
remains  smooth  until  the  third  stage.  Lateral  pyloric  pouches  are 
introduced  with  the  second  stage,  and  oesophageal  plates  with  the 
fourth  stage.  The  stomachal  musculature  is  simple,  consisting,  as 
in  other  zoeae,  of  dorsal  and  ventral  supporting  muscles.  The 
intestine  shows  no  chitinous  lining  until  the  middle  of  the  sixth 
abdominal  segment  is  reached.  The  cells  of  this  achitinous  part 
(int)  —  presumptive  midgut —  are  short  for  the  greater  portion  of 
its  extent,  but  become  more  columnar  anteriorly.  Their  free  bor¬ 
ders  are  rounded  into  the  lumen.  The  chitinous  gut  (ch  int)  — 
presumptive  postgut  —  has  moderately  long,  columnar  cells  which 
are  more  vacuolated  than  the  cells  of  the  achitinous  gut,  and  at  the 
point  of  union  with  the  latter,  the  cells  form  prominent  ridges, 
the  methoria.  The  livers  are  the  only  diverticula  from  the  intestine 
in  the  preadolescent  stages,  and  the  cells  which  make  up  their 
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walls  have  the  characteristic  granular  vacuolated  protoplasm  and 
large  nuclei.  The  lumen  is  ample  and  communicates  widely  with 
the  lateral  pvloric  pouches  of  the  stomach.  In  the  first  stages  of 
development  these  glands  are  simple  cylinders  which  extend  forwaid 
beyond  the  oesophagus  and  backward  into  the  potential  thorax. 
The  anterior  and  posterior  ends  are  tapering.  But  in  the  third  and 
later  stages  the  region  lying  posterior  to  the  stomach  gives  off  a 
longitudinal  series  of  lateral,  and  several  dorsal  diverticula. 

At  the  time  of  the  moult  to  the  adolescent  phase  a  diverticulum? 
the  intestinal  caecum,  arises  from  the  dorsal  wall  of  the  achitinous 
gut  just  caudad  from  the  methoria,  which  at  this  period  lie  farther 
forward  than  in  the  earlier  stages.  This  caecum  has  a  similar 
development  in  the  genus  Eupagurus,  just  forward  of  the  methoria 
in  the  fifth  abdominal  segment ;  and,  in  this  form,  caecum  and  metho¬ 
ria  lie  farther  and  farther  forward  in  successive  stages  until  the  lat¬ 
ter  reach  their  adult  position  in  the  second  abdominal  segment  and 
the  caecum  becomes  thoracic.  The  mechanism  of  this  change  is  not 
clear  in  either  instance,  and  in  Naushonia,  of  course,  the  definitive 
position  of  the  methoria  and  caecum  is  not  known.  As  the  chiti- 
nous  gut  in  Gebia  and  Callianassa  is  shorter  than  with  most  Macru- 
rous  forms,  it  is  possible  that  in  Naushonia  the  methoria  are  only 
barely  thoracic  in  the  adult. 

Aorta,  antennary,  superior  abdominal,  and  sternal  arteries  are 
present  in  all  the  stages.  Hepatic  arteries,  however,  are  not  devel¬ 
oped  in  preadolescent  life.  A  similar  retardation  in  the  development 
of  the  hepatic  arteries  is  found  in  Eupagurus,  and  Claus  (’84)  figures 
a  well  advanced  larva  of  the  Adriatic  Thalassinid,  Calliaxis,  with 
antennary  but  without  hepatic  vessels.  It  seems  to  be  more  usual 
among  Decapods,  however,  for  both  pairs  of  arteries  to  be  developed 
at  the  same  time.  The  antennary  arteries  give  off  branches  to  the 
antennae,  eyes,  and  stomach  (pi.  2,  fig.  23).  In  the  inysis  stages  at 
least,  and  in  the  earlier  stages,  there  is  an  enlargement  of  the  aorta 
near  the  base  of  the  rostrum  (pi.  2,  figs.  21,  25).  Segmental  arteries 
from  the  superior  abdominal,  with  the  exception  of  those  for  the 
sixth  segment,  are  found  in  all  stages.  Those  for  the  sixth  segment 
are  first  detected  in  fourth-stage  larvae,  but  they  possibly  arise 
earlier.  The  ventral  abdominal  artery  is  unbranched.  It  was  not 
possible  to  determine  the  arrangement  of  the  ventral  thoracic  artery 
in  the  different  stages,  beyond  tracing  the  main  trunk  to  the  region 
of  the  head  in  a  fourth-stage  specimen. 
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The  abdominal  musculature  is  the  same  as  that  of  an  adult  Mac- 
ruran.  A  green  gland  is  found  in  all  stages,  but  in  the  first  stage 
its  lumen  is  limited  and  the  cells  which  make  up  the  wall  resemble 
somewhat  the  undifferentiated  cells  which  occur  in  all  parts  of  the 
body  during  larval  development.  In  the  succeeding  stages,  how¬ 
ever,  the  histology  which  characterizes  this  organ  in  Crustacean 
larvae  becomes  apparent ;  i.  e.,  the  cell  boundaries  are  indistinct, 
the  protoplasm  is  homogeneous,  granular,  and  stains  darkly,  and  the 
nuclei  are  large  with  a  well  marked  reticulum.  Diverticula  arise 
in  the  fourth  stage.  A  small  shell  gland  (pi.  3,  fig.  41,  sh  g)  is  also 
present  throughout  the  preadolescent  period. 

The  Naushonia  young  have  one  very  remarkable  internal  struc¬ 
ture  (pi.  3,  fig.  41,  vg).  This  is  a  cluster  of  cells,  frequently  with 
a  smaller  accessory  group  at  one  side,  which  lies  beneath  the  nerve 
cord,  partly  in  the  second  maxilla  and  partly  in  the  first  maxillipedal 
segment.  Its  position  is  marked  externally  by  an  inconspicuous 
swelling.  The  cells  which  compose  this  “  gland  ”  are  arranged 
radially.  There  is  apparently  an  indefinite  central  lumen  but  this 
shows  no  opening  to  the  exterior.  An  opening  may  exist,  however, 
as  Claus  (’84)  figures  an  orifice  in  the  similar  structure  which  he 
describes  for  the  young  of  an  Adriatic  Thalassinid,  Calliaxis.  The 
cells  have  a  granular  cytoplasm  which  does  not  stain  deeply  nor 
blacken  on  treatment  with  osmic  acid;  their  nuclei  are  peripheral. 
As  no  distinct  hypodermal  cells  can  be  seen  in  the  region,  the  organ 
is  probably  a  modification  of  the  hypodermis.  We  have  no  clue 
to  its  function,  although  it  somewhat  resembles  the  glands  with 
radially  arranged  cells  which  lie  in  the  labrum  and  around  the 
oesophagus  of  many  Crustacean  larvae.  It  seems  as  if  this  struc¬ 
ture  must  rank  with  the  asymmetrical  mandibles  as  a  distinction 
between  the  young  of  Naushonia  and  the  young  of  most  Decapods. 


Adolescent  Development. 

The  lack  of  any  approach  to  the  adult  form  during  the  later  pre¬ 
adolescent  stages,  together  with  the  close  resemblance  that  exists 
between  adolescent  and  adult  stages,  makes  the  metamorphosis  at 
the  close  of  the  mysis  phase  very  striking.  Moreover,  the  first 
adolescent  is  only  six  millimeters  long,  while  the  preceding  stage 
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lias  a  length  of  ten  millimeters.  No  specimens  of  these  stages 
occur  at  the  surface,  as  the  animal  now  is  no  longer  a  swimmer.  I 
was  able,  however,  to  rear  a  few  from  the  last  preadolescent  stage. 
These  adolescent  larvae  were  colorless,  crawled  actively  on  the 
bottom  of  the  dish  in  which  they  were  kept,  darting  away  when 
disturbed,  and  though  they  concealed  themselves  in  seaweed,  they 
did  not  burrow  in  the  sand  supplied  to  them.  They  did  not  take 
animal  food,  at  least  while  under  observation,  but  collected  and 
devoured  considerable  diatomaceous  matter.  In  all  movements  the 
abdomen  was  extended  and  the  chelicipeds  were  held  stiffly  in  front, 
the  “thumbs”  pointing  inward  and  the  “elbow  ”  not  flexed.  The 
adult  Naushonia,  however,  obviously  carries  the  “elbow”  slightly 
bent,  the  meros  pressed  against  the  carapace,  the  “  thumbs  ”  approxi¬ 
mated,  and  the  outer  margins  of  the  propodi  separated.  This  differ¬ 
ence  between  the  adolescent  and  the  adult  recalls  *Homarus,  where 
the  first  adolescent  —  fourth  —  stage  keeps  the  “ elbows”  of  its 
chelicipeds  straight,  so  that  the  apices  are  parallel,  while  the  adult 
approximates  the  tips. 

As  can  be  seen  by  reference  to  the  figures,  these  stages  (pi.  2, 
fig.  27)  closely  resemble  the  adult  shrimp,  even  the  inevitable  dif¬ 
ferences  in  the  proportions  of  the  parts  being  unusually  small.  The 
carapace  has  a  broader  external  notch,  larger  rostrum,  and  stronger 
supra-antennal  spine.  Only  cervical  and  longitudinal  grooves  are 
developed.  The  abdomen  is  a  third  shorter  in  proportion  to  the 
carapace  but  is  otherwise  like  the  abdomen  of  the  adult.  The 
telson  (pi.  1,  fig.  18)  has  a  spine  at  the  external  angle.  The  eyes 
are  visible  from  above.  The  flagella  of  the  antennulae  and  anten¬ 
nae  are  few-jointed,  as  is  the  rule  among  immature  Decapoda.  The 
antennal  scale  attains  the  base  of  the  external  spine,  is  smooth,  and 
has  the  inner  border  finely,  the  outer  coarsely  serrate.  The  mandi¬ 
bles  (pi.  2,  fig.  28)  are  symmetrical  and  adult  in  form  except  that 
the  palpus  has  an  indistinct  transverse  division  on  the  basal  joint  as 
if  this  latter  represented  two  fused  joints.  The  maxillae  and  maxil- 
lipeds  (pi.  1,  figs.  12,  18  ;  pi.  3,  fig.  42)  resemble  those  of  the  adult, 
excepting  the  more  deeply  excavate  base  of  the  third  maxilliped. 
The  chelicipeds  (pi.  1,  fig.  17)  are  symmetrical  and  slender,  espe¬ 
cially  the  outer  joints.  The  length  of  the  propodus  is  nearly  four 
times  the  breadth,  its  occludent  margin  has  three  large  and  a  num¬ 
ber  of  smaller  teeth,  and,  as  in  the  adult,  is  half  as  long  as  the  joint. 
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The  propodi  of  the  posterior  pereiopods  are  longer  relatively  to  the 
whole  limb  than  in  the  adult.  The  gills  are  as  in  the  adult  animal, 
but  all  the  mastigobranchs,  excepting  the  most  anterior,  are  more 
slender,  and  the  posterior  podobranchs  are  small.  The  plates  of  the 
gills  are  linear  or  linear-oval.  The  pleopods  are  present  on  seg¬ 
ments  two  to  five  and  their  rami  are  less  lanceolate  than  in  the 
adult  (pi.  2,  fig.  29).  The  uropods  have  narrower  rami  than  in  the 
adult  and  the  transverse  suture  of  the  inner  ramus  is  fiexed.  The 
material  did  not  permit  a  study  of  the  internal  anatomy. 


Probable  Affinities  of  Naushonia. 

The  larvae  of  Naushonia  find  their  nearest  counterpart  in  those 
of  another  Thalassinid,  Calliaxis  adriatica  (Heller).  The  young  of 
this  species  have  been  described  and  figured  by  Cano  (’91)  and 
Claus  (’84).  Not  only  is  their  general  form  very  much  like  that  of 
the  Naushonia  young,  but  thev  also  resemble  them  in  all  important 
anatomical  details.  The  presence  of  a  ventral  gland  with  the  same 
relations  as  in  Naushonia  is  especially  important  in  this  connection. 

asymmetrical  and  have  a  similar 
relation  to  the  sides  of  the  body,  the  conical  on  the  right,  the 
arcuate  on  the  left.  The  chief  points  of  difference  between  the 
Calliaxis  and  the  Naushonia  larvae  are  found  in  the  less  arcuate 
rostrum  of  the  Adriatic  form  which  is  not  recurved  at  the  tip ;  the 
relatively  longer  “neck”  (if  we  may  wholly  credit  Cano’s  figures, 
which  seem  rather  crude,  this  equals  the  carapace  in  length  in  stage 
“A,”  exceeds  it  in  “B,”  and  is  twice  as  long  in  “C”);  the  presence 
of  hooks  on  the  angles  of  the  sixth  as  well  as  the  anterior  abdominal 
segments  in  the  my  sis  stages  (Cano)  ;  the  more  spatulate  telson  of 
the  “mysis”  which  recalls  the  shape  of  the  telson  in  larvae  of  Gebia 
(Sars,  ’84);  the  absence  of  a  functional  exopod  on  the  fourth 
pereiopods ;  the  more  rapid  development  of  the  green  gland  and  the 
greater  size  of  the  ventral  gland.  None  of  these,  however,  are 
characters  which  detract  from  the  essential  likeness  between  the 
two  forms. 

The  succession  of  the  stages  in  Calliaxis  is  not  clear.  Cano 
apparently  records  live  preadolescent  stages,  figuring  the  first  (“A  ”), 
third  (“B”),and  fifth  (“C,”  “mysis”).  Of  these,  “A”  corresponds 
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to  my  ^ first  stage,”  and  “B”  to  my  ‘‘fourth  stage”  in  Naushonia; 
“C”  probably  represents  the  last  of  the  preadolescent  stages,  i.  e., 
is  equivalent  to  my  “fifth  stage.”  Claus  figures  two  early  “stages” 
(“Lange  von  34  mm.,”  and  “aelteres  Stadium”),  which  differ  in 
size  alone,  and  which  correspond  in  the  development  of  the  append¬ 
ages  to  my  “first  stage”  and  to  Cano’s  “A.”  He  also  records  two 
later  stages  (“Larven  von  44  mm.  Lange,”  “  Larven  von  74  min. 
Lange  ”)  which  are  equivalent  respectively  to  my  “  second  ”  and 
“third”  stages,  but  have  no  counterpart  in  Cano’s  series  unless  one 
of  them  corresponds  to  his  “fase  intermediaria  tra  A  e  B  ”  of  which 
no  description  is  given.  Claus  makes  no  record  of  any  stage  equi¬ 
valent  to  Cano’s  “B”  and  to  my  “fourth  stage.”  In  a  later  article 
(’85)  he  figures  part  of  a  “mysis,”  corresponding  to  my  “fifth 
stao'e”  and  to  Cano’s  “C.”  The  series  would  then  stand:  — 


Naushonia 

(Claus) 

(Cano) 

I  = 

3.5  mm.  +  “aelteres” 

=  “A” 

II  =' 

4.5  mm. 

“fase  intermediaria  tra 

ii  il 

1— (  Y* 

1— 1 

7.5  mm. 

• 

A  e  B.” 

=  “B” 

“fase  intermediaria  tra 
B  e  C.” 

y  = 

CC  •  1 1 

“  mysis 

_  «  Q  » 

If  Cano  is  correct  in  his  statement  that  there  is  a  stage  between 
“  B  ”  and  “  C,”  his  and  Claus’  accounts  can  only  be  reconciled  by 
supposing  that  the  zoea-mysis  period  of  Calliaxis  comprises  six 
stages. 

Another  Crustacean  larva  which  somewhat  resembles  the  young 
of  Calliaxis,  and  hence  those  of  Naushonia,  has  been  recorded  from 
the  coast  of  England  (Brook,  ’88),  but  unfortunately  the  descrip¬ 
tion  of  this  form  is  too  imperfect  for  us  to  determine  whether  the 
similarities  are  more  than  superficial.  Five  stages  were  observed 
and  it  is  stated  that  the  “pereiopods  never  pass  through  a  schizopod 
stage.”  The  parent  of  this  larva  is  not  known. 

Outside  of  the  young  of  Calliaxis,  however,  and  possibly  also  of 
this  “  trachelif er,”  no  other  Decapod  larvae  have  been  described 
that  even  remotely  resemble  those  of  Naushonia  in  form  or  structure, 
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and  among  those  Thalassinidea  in  which  the  development  has  been 
studied  the  immature  stages  are  not  at  all  similar;  viz.,  Axius  (Cano, 
’91);  Gebia  (Cano,  ’91;  Sars, ’84) ;  Callianassa  (Cano, ’91 ;  Claus, 
’76);  Calocaris  (Sars,  ’84) . 

The  question  then  arises  whether  the  possession  of  so  unusual  a 
common  structure  in  the  Calliaxis  and  Naushonia  young  is  signifi¬ 
cant  either  as  the  result  of  a  convergence  perhaps  due  to  some 
manner  of  life,  or  as  indicating  actual  relationship  between  the 
parents. 

On  the  whole,  ontogenetic  stages  among  the  Crustacea  are  very 
properly  regarded  as  unsafe  guides  to  relationship.  Not  only  is 
there  that  strong  tendency  toward  palingenetic  structure  through¬ 
out  the  class,  which  has  given  us  the  zoea  and  probably  also  the 
nauplius,  but  further,  larvae  belonging  to  closely  allied  species,  as  for 
example,  those  of  Lucifer  and  Sergestes,  or  the  young  of  brackish 
or  fresh-water  forms  as  compared  with  their  marine  congeners,  are 
frequently  very  dissimilar  in  appearance.  But  it  must  not  be  for¬ 
gotten  on  the  other  hand,  that  the  zoea  and  nauplius  frequently 
serve  as  valuable  criteria  for  relationship  in  the  groups  in  which  they 
occur,  and  the  immature  stages  of  species  belonging  to  allied  orders 
or  families  often  possess  common  structural  characters  which  may, 
moreover,  be  to  a  greater  or  less  degree  distinctive  for  the  group 
or  groups  in  question.  The  abdominal  armature  of  Caridean  zoeae, 
the  shape  of  the  eyes  and  telson  in  the  majority  of  Thalassinoid 
and  Paguroid  larvae,  and  the  peculiar  zoea  of  the  Brachyura  are 
illustrations  of  this.  A  more  striking  instance  still  is  the  “phyllo- 
soma  ”  larva  characteristic  of  the  Loricata. 

Usually  also  when  differences  separate  the  young  of  related  spe¬ 
cies,  these  are  found  on  closer  examination  merely  to  mask  a  more  or 
less  fundamental  likeness.  But  the  peculiar  structures  which  unite 
the  young  of  Naushonia  and  Calliaxis,  while  separating  them  from 
the  larvae  of  other  Thalassinids,  seem  to  be  deep-seated.  The 
asymmetry  of  the  mandibles  in  the  zoea  and  mysis  stages  is,  so 
far  as  I  can  determine,  unique  among  Malacostracan  larvae  at  least. 
Typically,  the  zoea  is  symmetrical  in  all  points,  whatever  the  con¬ 
dition  of  the  adult,  and  the  final  asymmetry  enters  during  the  later 
development.  The  ventral  gland  is  also  a  very  unusual  structure. 
Claus  (  ’84),  indeed,  hints  at  the  presence  of  an  homologous  “Auf- 
treibung  zwischen  den  Maxillen  und  vorderen  Kieferfusspaar  ”  in 


16  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Paerurid  zoeae,  but  I  have  not  been  able  to  find  a  trace  of  such  a 
structure  in  the  genus  Eupagurus. 

In  the  face  of  the  foregoing  considerations,  it  certainly  seems 
much  more  likely  that  the  common  structure  of  the  young  of  Calli- 
axis  and  Naushonia  is  to  be  explained  as  due  to  relationship  between 
their  parents,  rather  than  as  a  result  of  independent  development  in 
each  species.  The  only  direct  evidence  in  favor  of  the  latter  view 
is  the  isolation  of  the  two  genera  geographically.  The  zoea  and 
mysis  stages  of  Naushonia  offer  no  peculiarity  in  their  mode  of  life. 

The  supposition  of  relationship  of  course  makes  no  attempt  to 
explain  the  origin  of  the  unusual  anatomical  characters  of  the 
larvae,  which  is  completely  obscure,  it  merely  assumes  that  they 
were  received  in  both  species  as  a  legacy  from  common  ancestors, 
in  which  they  arose  as  an  adaptation  to  a  peculiar  need,  or  perhaps 
merely  as  a  variation  which  was  not  injurious  and  became  prepotent, 
undisturbed  by  selective  processes.  In  either  event,  the  alterations 
when  once  fixed,  might  readily  be  handed  down  even  if  in  the 
descendants  they  were  without  selective  significance.  The  suppo¬ 
sition  is  also  in  perfect  accord  with  the  result  obtained  from  com¬ 
parison  of  the  parent  forms.  I  am  unable  to  give  a  description  of 
C  alii  axis  at  first  hand,  since  the  species  is  rare  and  specimens  could 
not  be  obtained.  But  the  animal  and  many  of  its  appendages  were 
described  with  considerable  detail  by  its  discoverer,  Heller  ('62), 
and  these  data  are  amplified  and  supplemented  by  the  briefer 
accounts  in  the  writings  of  Cano  ('91)  and  Claus  ('85). 

Comparison  of  these  descriptions  and  figures  with  Naushonia 
shows  an  essential  likeness  between  both  species  in  almost  all 
anatomical  details,  especially  with  respect  to  the  carapace,  abdomen, 
gills,  and  posterior  mouth  parts.  Only  the  pereiopods  and  the 
appendages  of  the  head  are  to  any  extent  dissimilar.  The  carapace 
lacks  the  keels  and  supra-antennal  spines  and  the  external  notch  is 
weaker  than  in  Naushonia.  The  triangular,  serrate  rostrum  has  a 
slight  median  furrow.  The  abdomen  differs  in  the  more  acutely 
rounded  epiinera,  which  are,  however,  procurrent,  recurrent,  or 
truncate,  respectively,  as  in  Naushonia,  and  in  having  the  surface  of 
the  telson  marked  by  a  median  furrow  and  two  lateral  keels.  The 
gill  formula  is  identical  in  both  genera  and  the  structure  and  rela¬ 
tive  proportions  of  the  slightly  phyllobranchiate  gills  are  the  same, 
except  that  the  European  genus  has  the  anterior  gill  on  segment  h 
smaller  than  its  fellow,  the  mastigobranchs  narrow  and  weak,  espe- 
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cially  those  on  the  pereiopod  segments,  and  “  calcified  bars  ”  are 
absent  from  their  bases.  Only  males  have  been  collected,  and 
these  bear  pleopods  on  the  second  to  the  sixth  abdominal  segments. 
The  rami  of  these  pleopods  are  less  acutely  pointed  than  those  of 
Naushonia’s  pleopods.  Heller  clearly  figures  these  appendages 
without  a  stylamblys  (pi.  3,  fig.  50),  so  that  Cano’s  assertion  that 
this  appendix  is  present  has  little  weight.  The  uropods  have 
broad-oval  rami  and  the  transverse  suture  on  both  is  Hexed.  The 
surface  of  the  outer  ramus  is  traversed  by  one,  the  inner  by  two 
longitudinal  keels. 

As  already  noted,  the  posterior  mouth  parts  are  of  the  same  type 
in  both  genera,  Calliaxis  showing  those  peculiar  modifications  of  the 
maxillae  (pi.  3,  figs.  44,  4G)  and  maxillipeds  (pi.  3,  fig.  47-49) 
which  are  distinctive  of  Naushonia.  The  relative  proportions  of  the 
parts  of  each  appendage  are  also  quite  similar,  with  the  following 
exceptions  :  the  first  maxillae  have  a  more  acute  internal  lacinia  and 
a  shorter  palpus  than  in  Naushonia  ;  the  second  maxillae  have  those 
divisions  of  the  external  and  internal  laciniae  which  are  adjacent  to 
one  another,  narrower  than  the  outer  divisions  of  these  laciniae, 
while  in  the  American  genus  all  the  divisions  are  more  nearly  sub¬ 
equal  ;  the  scapliognathite  is  narrower ;  the  expansion  of  the 
“endopod”  in  the  first  maxilliped  is  spatulate  rather  than  triangular 
and  the  flagellum  of  the  exopod  is  shorter ;  the  flagellum  in  the 
exopod  of  the  second  maxilliped  is  not  as  long  as  the  peduncle  ;  and 
in  the  third  maxilliped  the  area  of  stiff  bristles  on  the  fourth  joint 
is  replaced  by  a  serrate  keel.  Heller  and  Cano  do  not  agree  as  to 
the  length  of  the  peduncle  of  the  exopod  in  the  second  maxilliped, 
the  former  figuring  it  as  equaling  the  endopod,  the  latter  as  only 
reaching  the  middle  of  its  fourth  joint. 

The  first  peduncular  joint  of  Calliaxis’  antennula  is  short  and  the 
third  elongate,  while  in  Naushonia  these  joints  are  “long”  and 
“moderate”  respectively.  The  antennae  have  an  elongate  peduncle 
which  exceeds  the  flagellum  of  the  antennulae  ;  the  first,  second, 
third,  and  fifth  joints  are  short,  the  fourth  is  elongate.  The  first 
joint  bears  three  teeth  on  its  distal  border,  the  second  has  a  blunt 
external  spine.  The  flagellum  is  long  and  slender  and  the  scale  is 
reduced  to  a  “  flat,  three-cornered  spur  (stachel).”1 

1  Cano  asserts  that  this  is  absent,  but  his  description  and  figures  seem 
unreliable. 
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The  eye-stalks  in  Calliaxis  are  slightly  flattened  and  are  pro¬ 
portionally  longer  than  in  Naushonia.  1  he  anterior  peieiopods 
(clielicipeds)  are  very  large  with  a  long,  slender  dactylus  and  are 
perfectly  chelate.  The  shape  and  proportions  of  the  posterior 
pereiopods  are  more  as  in  Naushonia.  According  to  ITeller  s 
descriptions,  the  second  and  fifth  pairs  are  slightly  subchelate,  but 
Cano  describes  them  as  simple. 

The  form  of  the  mandibles  cannot  be  definitely  deduced  from 
descriptions  or  figures  (pi.  3,  figs.  43,  45).  If  the  blade  is  not  exca¬ 
vate,  which  is  a  possible  interpretation,  we  have  here  an  important 
difference  from  Naushonia.  Its  border  is  without  teeth.  The  man¬ 
dibular  palp  is  proportionally  rather  long,  three-jointed,  and  the 
apical  joint  is  densely  hairy. 

From  the  foregoing  comparison  of  the  adults,  we  can  scarcely 
doubt  that  Naushonia  and  Calliaxis  are  allied  genera,  although 
occurring  in  widely  separated  localities.  They  must  then  be  con¬ 
sidered  together  in  any  systematic  arrangement  of  the  Thalassinoid 
Crustacea,  and  data  derived  from  knowledge  of  one  will  be  valuable 
in  indicating  the  affinities  of  the  other.  Unfortunately  the  same 
uncertainty  that  has  already  been  noted  with  respect  to  Naushonia 
holds  good  for  Calliaxis  also.  Its  position  has  always  offered  diffi¬ 
culties  to  systematists,  and  with  the  exception  of  Heller,  in  1862, 
and  Bate  (’88)  and  Ortmann  (’98)  in  more  recent  years,  carcinolo- 
gists  have  avoided  a  definite  expression  of  opinion.  These  authors 
also  place  the  genus  more  or  less  tentatively,  and  their  assignments 
are  diverse.  Heller  makes  it  part  of  his  “ family”  Thalassinidae , 
a  group  with  the  rank  and  almost  the  same  scope  as  the  modern 
“division  ”  Thalassinidea,  and  suggests  that  it  comes  near  de  Haan’s 
genus  Laomedia.  This  latter  genus,  however,  is  only  imperfectly 
known,  so  that  the  correctness  of  this  conclusion  cannot  be  properly 
tested,  and  even  if  confirmed,  would  be  of  little  assistance.  Bate 
(’88)  groups  Calliaxis,  Calocaris,  and  Thaumastocheles  in  one  family, 
Thaumastochelidae ,  which  he  places  in  his  Macrura  aberrantia,  i.  <5., 
nearer  to  the  Thalassinids  than  to  the  Nephropsidea,  which  form 
part  of  his  Macrura  normalia.  He  does  not  mention  the  genus 
Laomedia.  The  reasons  for  this  union  of  Calocaris  with  Thauma¬ 
stocheles,  however,  are  not  at  all  apparent,  and  although  Calliaxis 
resembles  the  latter  genus  in  the  structure  of  its  antennae,  maxillae, 
and  second  maxillipeds,  it  does  not  seem  to  lie  very  close  to  it. 


THOMPSON:  A  RARE  THALASSINID. 


19 


Thaumastocheles  is  rather  Nepkropsidean  in  its  characters.  Both 
Calocaris  and  Calliaxis,  on  the  other  hand,  are  more  Thalassinoid, 
and  Ortmann  (’98)  recently  has  separated  the  genera,  placing 
Thaumastocheles  in  the  Nephropsidea,  Calliaxis  and  Calocaris  to¬ 
gether  with  Laomedia  in  the  family  Axiidae  of  the  Thalassinidea. 
This  classification  is  in  perfect  accord  with  the  Axiid  affinities  of 
Calliaxis’  ally,  Naushonia.  And  although  it  must  not  be  regarded 
as  at  all  final,  it  may  well  be  accepted  as  more  natural  than  any 
other  arrangement  which  is  possible  at  present. 

There  is  great  need,  however,  for  a  thorough  revision  of  the 
Thalassinoid  Crustacea,  and  until  that  is  made,  the  relations  of 
the  genera  to  one  another  must  remain  obscure  and  any  separation 
into  families  be  more  or  less  tentative.  Ortmann  distinctly  states 
this  in  connection  with  the  systematic  arrangement  just  cited  (’98, 
p.  1141).  Such  a  welcome  aid  to  research,  however,  cannot  be 
attempted  as  yet.  It  must  await  a  more  ample  knowledge  of  the 
anatomy  of  the  individual  forms,  and  all  study  should  hold  that 
end  in  view.  The  present  article,  then,  only  attempts  to  give  an 
account  of  two  of  the  more  imperfectly  known  genera  of  the 
Thalassinidea  and  of  the  remarkable  character  of  their  larvae.  Of 
these,  Calliaxis  is  probably  to  be  regarded  as  the  more  specialized 
since  it  has  a  reduced  antennal  scale,  small  mastigobranchs,  weaker 
epimera,  and  more  perfectly  formed  chelicipeds.  In  its  develop¬ 
ment,  also,  its  larvae  present  the  strange  form  to  a  greater  degree 
than  do  those  of  Naushonia;  the  metamorphosis  is  slightly  more 
concentrated,  the  fourth  pereiopods  never  having  functional  exo- 
j)ods ;  and  the  peculiar  ventral  gland  is  larger. 

The  establishment  of  the  true  position  of  these  genera  within  the 
Thalassinidea  must  be  left  to  future  students.  But  it  seems  proba¬ 
ble  that  research  will  tend  to  intensify  rather  than  to  diminish  the 
differences  that  separate  them  from  other  members  of  the  group. 
Calliaxis  and  Naushonia  may  be  regarded  as  aberrant  forms,  proba¬ 
bly  from  pre-Axiid  stock,  which  have  retained  characters  that  ally 
them  on  the  one  hand  to  the  more  primitive  Axiidae  and  on  the 
other  suggest  relationship  with  genera  of  the  Nephropsidea.  And 
their  evolution  has  been  along  lines  apart  from  that  of  most 
Thalassinids,  especially  in  the  development  of  the  very  unusual 
larval  form. 
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listed  as  “mandible  of  Caradina,”  is  the  mandible  of  Naushonia.) 

Ortmann,  A.  E. 

’98.  Arthropoda.  Decapoda.  Bronn’s  Ivlassen  und  ordnungen  des  thier- 
•  reichs,  vol.  5,  pt.  2,  no.  47-52.  Leipzig. 

(See  p.  1116-1135,  1141-1154.) 

Sars,  G.  0. 

'84.  Bidrag  til  kundskaben  om  Decapodernes  forvandlinger.  1.  Nephrops, 
Calocaris,  Gebia.  Arch.  f.  math,  ognaturvid.,  vol.  9,  p.  155-204,  pi.  1-7. 

(Development  of  Calocaris  macandreae  and  Gebia  litoralis.) 


Printed ,  March ,  1903. 
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PLATE  1. 


(All  figures  are  from  camera  lucida  drawings  by  the  author  unless  otherwise 

noted.) 

Fig.  1.  Adult  Naushonia,  female  specimen;  right  side.  X  4.5.  pr2,  second 
pereiopod  ;  t,  telson  ;  abd2,  second  abdominal  segment ;  si,  longitudi¬ 
nal  groove  ;  a1?  antennula;  a2,  antenna. 

Fig.  2.  Head  of  male  specimen  ;  left  side.  X  70  (?).  sor,  supra-orbital  keel ; 
ex,  scaphocerite  of  antenna. 

Fig.  3.  Tail-fan.  X  6. 

Fig.  4.  Head  of  male  specimen ;  dorsal  side.  X  23.  ex,  scaphocerite  ;  sor, 
supra-orbital  ridge ;  sc,  cervical  groove  ;  si,  longitudinal  groove. 

Fig.  5.  Third  maxilliped  ;  basal  portion,  inner  face,  x  20. 

Fig.  6.  Mandible;  inner  face.  X  16  (?). 

Fig.  7.  First  maxilla ;  ventral  side.  X  16  (?).  li,  lacinia  interna  ;  p',  palpus. 

Fig.  8.  Second  maxilla  ;  ventral  side,  sc,  scaphognatliite  ;  en,  endopod;  le, 
lacinia  externa  ;  li,  lacinia  interna. 

Fig.  9.  Second  maxilliped;  ventral  side.  X  27.  mb,  mastigobranch  ;  pb, 
podobrancli;  en,  endopod. 

Fig.  10.  First  maxilliped ;  mastigobranch  removed.  X  12.5.  en,  endopod. 

Fig.  11.  Second  pereiopod;  distal  portion. 

Fig.  12.  First  maxilliped  ;  adolescent,  ventral  side.  X  23.5.  en,  endopod  ; 
ex,  exopod. 

Fig.  13.  Apex  of  endopod,  second  maxilliped  ;  adolescent. 

Fig.  14.  Mastigo-  and  podobranch  of  third  maxilliped;  adult. 

Fig.  15.  Mastigo-  and  podobranch  of  second  pereiopod  of  adult,  cb,  calcified 
bar. 

Fig.  16.  Mastigobranch  of  fourth  pereiopod  of  adult,  ab,  arthrobranchs  of 
same  segment. 

Fig.  17.  Chela  of  more  advanced  adolescent  stage. 

Fig.  18.  Tail-fan;  adolescent.  X  6. 

Fig.  19.  Second  pleopod  ;  adult,  anterior  surface.  X  12.  ir,  inner  ramus. 
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PLATE  2. 

Fig.  20.  Second  larval  stage  ;  leftside.  X  37.  mxp3,  third  maxilliped ;  mndr 
mandible  ;  eg,  liver  ;  lit,  heart ;  ch  int,  chitinous  gut ;  int,  achiti- 
nous  gut ;  r,  rostrum  ;  an  antennula. 

Fig.  21.  Thorax  of  fourth  stage  ;  right  side.  X  30.  pr1?  first  pereiopod  ;  pr5, 
fifth  pereiopod  ;  ao,  aorta. 

Fig.  22.  Thorax  of  third  stage;  right  side.  X  30.  pi\,  first  pereiopod  ;  mxp15 
first  maxilliped. 

Fig.  23.  Fifth  stage;  left  side.  X  20  (?).  pr5,  fifth  pereiopod;  sc,  scapho- 
cerite  of  antenna ;  int,  achitinous  gut ;  aa,  antennary  artery  ;  t, 
telson. 

Fig.  24.  Third  maxilliped,  fifth  stage,  mbpb,  mastigo-podobranch  rudiment ; 
ex,  exopod  ;  en,  endopod. 

Fig.  25.  Head  of  fourth  stage;  dorsal  side.  X  26.  ao,  aorta.1 

Fig.  26.  Fourth  joint  of  third  maxilliped;  adult. 

Fig.  27.  First  adolescent  stage;  right  side,  showing  manner  of  . carrying 
cheliciped.  X  70.  prn  cheliciped ;  pr2,  second  pereiopod  ;  mxp3, 
third  maxilliped  ;  sc,  cervical  groove. 

Fig.  28.  Mandible  of  adolescent ;  ventral  side.  X  42  (?). 

Fig.  29.  Pleopod  of  adolescent.  X  20. 

Fig.  30.  Gill  rudiments  of  fifth  stage.  mxp2,  second  maxilliped;  pr15  chelici¬ 
ped  ;  ab4,  arthrobranchs  of  fourth  pereiopod  ;  mbpb2,  common  rudi¬ 
ment  of  mastigo-podobranch  of  second  pereiopod. 

1The  endopod  of  the  antenna  is  incorrectly  drawn;  it  should  be  naked  and 

longer  than  the  exopod. 
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PLATE  3. 

Fig.  31.  Right  mandible ;  fifth  stage,  inner  face,  pro,  process;  p',  palpus. 
Fig.  32.  Left  mandible  ;  same,  pro,  plate  and  crest  equivalent  to  process  on 
right  mandible. 

Fig.  33.  Mouth  parts  of  same;  right  side,  mnd,  mandible;  1,  lab  rum  :  p, 
paragnath  ;  mxn  maxilla. 

Fig.  34.  Same  ;  left  side.  Letters  as  before. 

Fig.  35.  Apex  of  left  mandible  of  same;  more  enlarged. 

Fig.  36.  Telson  ;  first  stage,  ventral  side. 

Fig.  37.  Same  ;  second  stage,  dorsal  side,  ur,  anlage  of  uropod. 

Fig.  38.  Tail-fan  of  fifth  stage;  dorsal  side. 

Fig.  39.  Same  of  third  stage  ;  ventral  side. 

Fig.  40.  Same;  fourth  stage  ventral  side. 

Fig.  41.  Ventral  gland,  first  stage  ;  transverse  section  through  second  maxilla. 

X  195.  car,  carapace  ;  shg,  shell  gland  ;  1,  liver  ;  nc,  nerve  cord ; 
vg,  ventral  gland. 

Fig.  42.  Third  maxilliped;  adolescent,  ventral.  X  20  (?). 

(Figures  43-50  are  outlines  of  the  appendages  of  Calliaxis 
adriatica  drawn  from  Heller's  and  Cano’s  figures.) 

Fig.  43.  Mandible  (Heller). 

Fig.  44.  First  maxilla  (Heller),  le,  lacinia  externa. 

Fig.  45.  Mandible  (Cano). 

Fig.  46.  Second  maxilla  (Heller),  le,  lacinia  externa  ;  sc,  scaphognathite. 

Fig.  47.  Second  maxilliped  (Heller),  en,  endopod. 

Fig.  48.  Third  maxilliped  (Heller). 

Fig.  49.  First  maxilliped  (Heller),  en,  endopod  ;  ex,  exopod. 

Fig.  50.  Pleopod  (Heller). 
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No.  2.—  PROCEEDINGS  OF  THE  ANNUAL  MEETING, 

MAY  6,  1903. 

REPORT-  OF  THE  CURATOR,  CHARLES  W.  JOHNSON. 

My  brief  connection  with  the  Society,  and  the  work  necessary  to 
establishing  a  new  home,  leave  very  little  for  me  personally  to  report, 
but  through  the  kindness  of  Mr.  Hensliaw,  Professor  Crosby,  and 
the  assistants,  I  am  able  to  give  the  following  items  of  progress. 

Mrs.  J.  M.  Arms  Sheldon  has  continued  her  work  on  the  synoptic 
collection  as  planned  by  Professor  Hyatt  and  herself,  working  on 
the  Cephalopoda,  Vermes,  Crustacea,  Araclinida,  Myriapoda,  and 
Insecta,  and  adding  to  the  collection  Comatula,  Ovula,  Endoceras, 
Baculites,  Ammonites,  Belemnites,  Zygaspira,  Lumbricus,  Nereis, 
Apus,  Scolopendra,  nest  of  trapdoor  spider,  Cambarus,  Lepisina,  etc., 
92  specimens  in  all,  53  Denton  mounts,  containing  69  specimens,  and 
89  plates  with  119  figures;  the  latter  are  all  drawings  made  espe¬ 
cially  for  the  collection.  The  entire  manuscript  of  a  guide  to  the 
invertebrates  is  completed. 

Miss  Maria  E.  Carter  has  continued  her  work  on  the  herbarium, 
revising,  cataloguing,  and  poisoning  some  16  orders.  Twenty  persons 
have  had  access  to  the  herbarium  for  reference  and  comparison,  and 
42  specimens  have  been  added  to  the  collection,  including  30  speci¬ 
mens  of  New  England  algae,  presented  by  Miss  C.  H.  Clarke. 

Miss  E.  B.  Bryant  has  gone  over  the  entire  collection  of  New 
England  Crustacea,  including  the  Amphipoda  returned  by  Professor 
Kingsley  and  recently  studied  by  Dr.  S.  J.  Holmes,  placing  them  in 
clean  alcohol  and  labeling  all  that  are  identified.  The  New  England 
spiders  have  all  been  classified,  placed  in  new  -  vials,  with  fresh 
alcohol,  and  140  species  (160  vials)  have  been  put  on  exhibition. 
A  card  catalogue  of  the  New  England  Invertebrata  has  been  started 
and  the  Crustacea,  Tunicata,  and  spiders  finished.  .Some  work  was 
also  done  on  the  European  fossils.  Miss  Bryant  resigned  April  1. 

Miss  Martin  has  assisted  Mrs.  Sheldon  in  preparing  drawings  for 
the  synoptic  collection,  andrhas  recently,  gone  over  , the  entire 
alcoholic  material  and  replenished  where  necessary. 

The  type , of  the,  large.  Galapagos  tortoise  loaned  to  the  lion. 
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Walter  Rothschild  has  been  returned,  and  for  the  favor  he  has 
presented  to  the  Society  a  finely  mounted  specimen  of  another 
species. 

Rev.  L.  T.  Chamberlain  of  New  York  City  has  presented  to  the 
Society  a  large  series  of  Eocene  and  Oligocene  fossils  from  the  south¬ 
ern  states,  representing  all  of  the  Eocene  and  most  of  the  Oligocene 
horizons. 

The  Museum  has  been  visited  on  other  than  public  days  by  624 
pupils  and  teachers,  representing  11  schools. 

For  general  information  regarding  the  Boston  Basin  geology, 
Professor  Crosby  says:  “This  monographic  investigation  of  the 
local  geology  is  to  be  completed  under  the  auspices  of  the  United 
States  geological  survey,  that  is,  the  Survey  bears  the  expense  of  the 
work  and  the  chief  results  are  to  be  published  as  one  of  its  folios. 
Dr.  T.  A.  Jaggar,  Jr.,  of  Harvard,  is  to  cooperate  with  me  in  the 
completion  of  the  work  and  our  names  wull  appear  as  joint  authors 
of  the  folio,  which  will  be  merely  a  resume  or  outline  of  the  work. 
It  is  desired  by  ourselves,  as  also  by  the  Survey,  that  the  publication 
of  the  work  in  extern o ,  or  of  the  monograph  as  distinguished  from 
the  folio,  should  continue,  as  begun,  by  the  Society ;  and  I  am  hop¬ 
ing  to  submit  Part  IV  at  an  early  date.  Publication  by  the  Society 
is  desirable,  not  alone  because  the  Society  has  already  published  a 
large  part  of  the  work,  but  also  and  especially  because  it  is  a  hand¬ 
book  of  our  local  geology  and  designed  to  be  used  by  the  students, 
teachers,  and  general  public  of  Boston  and  vicinity,  and  because  it 
is  a  part  of  the  original  plan  to  build  in  the  Museum  a  collection 
which,  accompanied  by  maps  and  sections,  shall  form  an  epitome  of 
the  geology  of  the  Boston  Basin.  A  large  amount  of  carefully 
selected  material  has  been  collected  with  this  object  in  view.” 

Since  taking  up  my  new  duties,  my  work  has  been  confined 
principally  to  the  E.  R.  Mayo  collection  of  shells.  Thus  far  I  have 
gone  over  the  Terebridae,  Conidae,  Pleurotomidae,  Yolutidae, 
Mitridae,  Turbinellidae,  Fasciolariidae,  Fusidae,  and  Buccinidae, 
about  600  species  in  all.  These  have  been  catalogued  by  Miss 
Bryant  and  Miss  Martin. 

I  heartily  endorse  the  proposed  plan  of  making  the  New  England 
collections  a  distinctive  feature  of  the  Museum,  and  purpose  confining 
most  of  my  work  during  the  summer  to  enlarging  the  collections  of 
Insecta  and  Mollusca.  From  my  private  collection  of  Diptera  I  will 
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select  the  greater  part  of  the  New  England  specimens  and  present 
them  to  the  Society. 

The  insects  should  be  divided  into  two  collections  —  a  study  and 
an  exhibition  series.  Nearly  all  classes  of  natural  history  specimens 
lose  more  or  less  of  their  original  color  when  exposed  to  the  light; 
especialty  is  this  true  of  the  nocturnal  insects,  and  while  these  should 
be  well  represented  in  the  Museum,  it  is  advisable  to  select  for  this 
purpose  the  more  common  forms,  such  as  can  be  readily  replaced 
from  time  to  time.  Moths  might  be  kept  in  glass-covered  drawers 
accessible  to  the  public. 

In  the  collection  for  study,  all  of  the  species  found  in  New 
England  should  be  represented.  The  collection  for  exhibition,  on 
the  other  hand  should  be  made  as  complete  as  practicable, —  life 
habits  illustrated,  injurious  and  beneficial  species  designated ;  their 
food  plants  mentioned  and  well  established  popular  names  given, 
together  with  other  items  of  a  scientific  or  economic  value. 

The  limited  distribution  of  many  of  the  vertebrates  and  inverte¬ 
brates  could  best  be  shown  by  having  small  maps  of  New  England 
displayed  on  which  the  areas  covered  could  be  designated.  There 
are  many  other  advantageous  features,  which  require  only  time  for 
development.  In  all  this  work  the  Curator  hopes  for  the  cordial 
cooperation  of  all  the  members  of  the  Society. 


REPORT  OF  THE  CURATOR  OF  THE  TEACHERS’  SCHOOL  OF 
SCIENCE,  PROF.  GEORGE  H.  BARTON. 

Lowell  Free  Courses. 

Field  Courses.  These  now  consist  of  three  definite  courses 
of  instruction,  the  botany  and  zoology  having  become  as  well 
established  as  the  geology.  Each  course  shows  a  marked  success 
during  the  past  year  in  spite  of  much  bad  weather  which  must 
necessarily  interfere  with  the  attendance  and  the  success  of  the  work 
in  field  lessons.  There  were  five  Saturdays  during  the  spring  and 
four  during  the  autumn  which  were  completely  or  partially  rainy. 
Each  of  the  courses  consists  of  ten  lessons  in  the  spring  and  ten 
lessons  in  the  autumn. 
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The  course  in  botany  in  charge  of  Mr.  Hollis  Webster,  began  on 
April  19,  1902,  with  an  attendance  of  about  85  persons.  The 
attendance  varied  during  the  spring  to  as  low  as  20,  but  with  an 
average  of  43.5,  while  during  the  autumn  it  varied  from  43  to  13, 
with  an  average  of  26.3. 

In  general  the  studies  made  were  morphological  and  structural 
rather  than  systematic.  The  Arnold  arboretum  was  visited  several 
times  where  certain  groups  of  shrubs  and  trees  were  studied  with 
reference  to  distinction  of  species,  but  especially  as  illustrative  of 
points  in  superficial  structure  and  in  development. 

Comparative  studies  of  the  roots  and  stems  of  annuals,  biennials, 
and  perennials  were  made  with  common  plants  and  many  common 
weeds ;  methods  of  spreading  by  underground  stems ;  different 
types  of  branching  and  of  inflorescence, — in  general,  any  and  all  of 
the  topics  for  which  a  teacher  must  find  illustration  in  class  work. 
For  this  purpose  the  commonest  plants,  many  of  which  are  often 
overlooked,  were  purposely  selected.  The  lessons  during  the  spring 
were  nearly  all  given  in  the  immediate  neighborhood  of  Boston,  as 
at  Waverly,  Arlington,  Purgatory  swamp,  Middlesex  Fells,  and  the 
Neponset  marshes.  One  longer  trip  was  made  to  the  Shawshine 
river  where  the  class  saw  a  great  variety  of  meadow  and  water 
plants. 

In  the  autumn  more  attention  was  given  to  the  higher  fungi.  A 
visit  was  made  to  the  Agassiz  Museum,  Cambridge,  for  a  view  of 
the  synoptic  exhibit  of  fungi,  and  thence  to  the  Botanic  Garden. 
Other  places  visited  were  Purgatory  swamp,  Blue  Hills,  Wareham, 
Riverside,  Magnolia,  Hazelwood,  West  Quincy,  and  Ipswich.  At 
Wareham  and  Ipswich,  all  day  trips,  special  features  of  the  flora  are 
very  instructive. 

The  lessons  for  the  present  spring  began  on  April  18,  having  an 
average  attendance  of  about  30  for  the  three  lessons  already  given. 
These  will  follow  in  general  the  same  lines  and  will  be  reported 
upon  the  following  year. 

The  field  course  in  zoology  in  charge  of  Mr.  Albert  P.  Morse,  Cura¬ 
tor  of  the  zoological  museum,  Wellesley  college,  began  on  April  19, 
1902,  with  a  trip  to  Nahant  at  which  52  persons  were  present.  The 
attendance  during  the  spring  varied  from  52  to  16,  with  an  average 
of  28.5,  while  during  the  autumn  it  ranged  from  31  to  11,  with  an 
average  of  19. 
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The  lessons  were  given  at  localities  presenting  varied  types  of 
environment, —  marine,  fluviatile,  and  terrestrial.  Most  of  the  local¬ 
ities  were  near  Boston,  while  a  few,  as  Beverly  Bridge  and  Ipswich, 
were  more  distant. 

During  the  spring,  in  addition  to  the  other  work,  especial  atten¬ 
tion  was  directed  to  the  local  Amphibia,  the  more  common  species  of 
which  were  exhibited,  and  to  bird  life.  An  introductory  lecture  on 
birds  was  given,  and  no  less  than  56  species,  chiefly  song  birds, 
and  several  nests,  were  observed  at  the  inland  localities  which  were 
visited.  The  interest  in  bird  life  and  the  benefit  to  be  derived  from 
its  study  are  so  great  that  it  may  legitimately  receive  much  atten¬ 
tion.  In  the  autumn  lessons,  observation  was  specially  directed  to 
the  sounds  made  by  stridulating  insects  whose  notes  are  as  charac¬ 
teristic  of  this  season  as  bird  songs  of  the  spring.  As  an  aid  a 
checklist  of  the  New  England  species  of  this  group  was  prepared 
and  placed  in  the  hands  of  the  pupils.  Other  topics  studied  were 
the  local  distribution  of  animals  in  societies,  and  phases  of  animal 
life  peculiar  to  the  season  such  as  the  winter  stages  of  the  gypsy 
moth  and  the  browntail  moth. 

The  field  course  in  geology1  under  the  charge  of  the  Curator 
of  the  School,  began  on  April  26,  with  an  attendance  of  20.  The 
largest  number  present  during  the  spring  course  was  100  and  the 
smallest  was  20.  The  average  attendance  was  40.1.  For  the 
autumn  course  the  attendance  varied  between  50  and  25,  with  an 
average  of  41.7. 

The  first  half  of  the  lessons  in  the  spring  was  devoted  to  a  study 
of  topographic  forms,  the  second  half  to  a  study  of  rock  structures. 
Most  of  the  places  visited  were  near  Boston.  One  extended  trip  was 
made  to  Mount  Holyoke  and  Mount  Tom  in  the  Connecticut  river 
valley.  This  lesson  takes  a  portion  of  three  days  and  is  a  very  val¬ 
uable  one,  as  many  geological  features  are  there  presented  which 
are  specially  adapted  for  class  instruction. 

The  autumn  lessons  began  a  new  course  which  will  probably 
extend  over  about  four  years.  This  course  has  been  very  carefully 
revised,  made  systematic,  and  brought  more  fully  up  to  date  in  its 
methods.  Each  locality  is  carefully  selected  as  a  type  of  the  partic- 

1This  is  not  a  Lowell  Course,  but  is  supported  by  the  generosity  of  a  friend 
-of  the  Society. 
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ular  part  of  the  subject  to  be  studied  and  the  lessons  are  arranged 
in  consecutive  order. 

As  far  as  possible,  localities  near  Boston  are  selected  so  as  to  be 
of  greatest  advantage  to  Boston  teachers,  but  as  a  broad  view 
must  be  obtained  many  of  the  localities  are  necessarily  at  a  consider¬ 
able  distance.  The  special  subject  for  study  in  the  autumn  was  the 
action  of  external  forces  upon  the  earth’s  surface,  the  results  they 
accomplish  in  decomposition,  disintegration,  and  erosion,  and  finally 
the  topographic  forms  resulting  therefrom. 

The  places  visited  were  Medford,  Waverly,  Eliot,  Wayland, 
Auburndale,  Winthrop,  Marblehead,  Iioxbury,  Acton,  and  an 
extended  trip  of  two  days  was  made  to  the  Hoosac  Tunnel  region. 
This  latter  region  furnishes  so  much  of  direct  value  in  teaching  that 
it  is  considered  one  of  the  most  important  of  all  the  lessons.  For  the 
courtesies  shown  the  School  by  the  officials  of  the  Boston  and  Maine 
Railroad,  and  by  Mr.  F.  F.  Murdock  of  the  State  normal  school  at 
North  Adams,  deep  appreciation  is  felt. 

Laboratory  Courses. 

Each  of  the  laboratory  courses  consists  of  a  series  of  fifteen  lessons 
of  two  hours  each  during  a  period  of  four  years.  Short  examina¬ 
tions  are  given  at  each  exercise  and  at  the  end  of  each  year  a  final 
examination  of  three  hours  is  given.  Those  members  who  have 
passed  satisfactory  examinations  during  the  four  years  receive  a 
diploma  stating  the  kind  and  amount  of  work  accomplished. 

The  small  size  of  the  laboratory  in  which  the  botany  and  zoology 
lessons  are  given,  necessarily  limits  the  number  receiving  tickets  to 
those  courses.  The  course  in  botany  under  the  charge  of  Mr. 
Webster,  assisted  by  Miss  J.  F.  Conant,  began  its  second  year  on 
November  22,  1902,  and  ended  on  March  28,  1903. 

Of  the  80  applicants,  51  received  “A”  tickets,  which  entitle  the 
holder  to  a  reserved  seat,  and  7  received  “  B  ”  tickets,  which  entitle 
the  holder  to  a  seat  if  one  is  vacant  a  short  time  after  the  begin¬ 
ning  of  the  lesson.  The  average  attendance  for  the  term  was  45. 
Of  these,  33  took  the  final  examination,  all  of  whom  passed,  4  with 
special  credit. 

Each  lesson  opened  with  a  written  examination,  after  which  a 
few  introductory  remarks  were  made  and  directions  given  about  the 
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material  distributed  and  then  the  class  was  usually  allowed  to  study 
by  itself  for  some  time  before  the  formal  discussion  of  the  topic  for 
the  day  was  developed. 

The  subject  of  the  year’s  work  was  the  Thallophytes,  typical 
examples  of  which  were  examined.  Among  the  plants  studied  were 
the  following :  bacteria,  yeasts,  various  algae,  diatoms,  etc.  The 
final  exercise  was  concluded  with  a  resume  and  a  discussion  of  the 
relationships  of  members  of  the  groups,  and  with  the  presentation 
of  a  system  of  classification.  The  work  was  performed  with  great 
interest  and  enthusiasm  by  the  class.  As  the  work  is  largely  with 
the  microscope  much  individual  help  and  instruction  is  needed  and 
without  the  presence  of  a  trained  assistant  much  of  it  would  be 
ineffective.  Much  credit  is  due  Miss  Conant  for  her  services  in  this 
direction. 

The  course  in  zoology  under  Mr.  Morse,  assisted  by  Miss  M.  E. 
Cherrington,  began  on  November  22,  and  ended  on  March  28,  seven¬ 
teen  lessons  being  given.  The  groups  studied  this  winter  included 
several  phyla  of  worms,  the  Polyzoa,  Brachiopoda,  and  Mollusca. 
In  connection  with  the  treatment  of  these  groups  lectures  were 
given  on  such  topics  as  regeneration  and  parasitism.  Desiring  to 
develop  the  ability  to  work  independently  each  student  was  required 
to  procure  the  necessary  dissecting  instruments,  a  text  book,  and  a 
set  of  laboratory  outlines,  prepared  by  Mr.  Morse,  for  guidance  in 
observation  and  dissection  of  the  animals  studied.  The  preparation 
of  material,  and  other  details  were  performed  by  Miss  Cherrington, 
so  that  Mr.  Morse  was  able  to  give  all  his  time  to  the  class  and  indi¬ 
vidual  instruction. 

The  attendance  ranged  from  29  to  45  with  an  average  of  36. 
The  results  attained  were  very  satisfactory,  a  marked  improvement 
on  the  preceding  year  being  manifest.  The  same  number  of  stu¬ 
dents  took  the  final  test  as  last  year.  All  passed  satisfactorily  and 
the  average  standing  of  the  class  rose  from  64.8  to  71.8. 

The  course  in  geology,  given  by  the  Curator  of  the  School,  took 
up  the  subject  of  mineralogy.  This  was  the  first  year  of  a  new 
four  years’  course.  One  general  lecture  was  given  upon  the  funda¬ 
mental  principles  of  chemistry  as  an  introduction.  The  four  follow¬ 
ing  lessons  were  devoted  to  crystallography  and  other  physical  prop¬ 
erties  of  minerals,  and  the  remaining  twelve  to  descriptive  mineral¬ 
ogy  in  which  118  of  the  commonest  species  were  studied.  The 
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method  of  instruction,  was  partly  by  lecture  and  partly  by  individual 
work  with  specimens;  A  sufficient  number  of  specimens  was  pro¬ 
vided  to  enable  each  two  persons  to  have  a  complete  set  of  the 
species  studied  at  each  lesson.  Beside  the  specimens  used  in  the 
class  work,  a  number  of  large  and  line  specimens  were  used  for 
illustration  by  the  instructor.  The  collections  of  the  Society  were 
also  much  visited  by  members  of  the  class. 

The  number  of  applications  was  184.  The  lecture  hall  in  which 
these  lessons  are  given  being  sufficiently  large  to  accommodate  nearly 
100,  all  the  applicants  were  given  tickets  and  two  sections  were  formed 
one  meeting  in  the  forenoon  and  the  other  in  the  afternoon.  A 
few  found  the  work  too  difficult  to  carry  on  in  connection  with  their 
regular  school  work  and  soon  withdrew.  Sickness  caused  the  with¬ 
drawal  of  17  during  the  term,  and  the  absence  of  a  few  others  from 
the  final  examination.  The  average  attendance  for  the  term  was 
133.8.  Of  these,  48  were  not  absent  a  single  lesson,  and  34  were 
absent  but  once.  The  weekly  tests  were  taken  by  117,  and  the 
final  examination  was  taken  by  92. 

Eight  of  those  who  passed  the  final  examination  thus  completed 
their  four  years’  course  and  have  received  the  certificate  of  the 
School. 

Greater  opportunities  have  been  granted  the  present  class  in 
geology  than  has  formerly  been  possible.  Sets  of  minerals  have 
been  provided  for  study  in  the  basement  laboratory  and  members  of 
the  class  have  been  allowed  to  study  there  during  the  week.  Very 
many  have  availed  themselves  of  these  privileges,  throughout  the 
winter,  especially  on  days  when  the  schools  had  but  one  or  no  session 
and  during  vacations.  jSTo  record  was  kept  of  this  attendance  till 
the  ten  days  just  preceding  the  examination  during  which  time  there 
was  an  average  attendance  of  10.7  daily. 

By  permission  of  the  Executive  committee  of  the  Society  the 
basement  laboratory  was  opened  one  night  a  week,  under  direct 
charge  of  the  Curator  of  the  School,  beginning  on  February  17. 
On  the  nine  open  evenings  there  was  an  average  attendance  of  22.7. 
This  shows  a  strong  call  for  such  advantages. 
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Summer  School. 

As  an  extension  of  the  previous  four  years’  course  in  geology  a 
portion  of  the  class,  with  a  few  others,  visited  Nova  Scotia  during 
the  summer  of  1902  for  the  purpose  of  studying  the  coal  and  gold 
mining  of  that  region,  and  also  its  general  geology,  and  occurrence  of 
minerals.  This  excursion  was  in  charge  of  the  Curator  of  the  School 
who  was  assisted  by  Mr.  Morse  of  the  zoology  department.  Besides 
the  instructors  45  persons  took  part.  Among  the  places  visited  were 
the  following:  —  Moncton,  for  its  famous  bore;  Joggins,  for  its 
coal  mines,  and  the  fine  section  of  carboniferous  strata;  Cape 
Blomidon  and  Partridge  Island  for  their  minerals ;  Truro  for  the 
Natural  Park  ;  Sydney  for  steel  works  and  coal  mines  ;  Halifax  for 
glaciation  ;  W averly  for  gold  mining ;  Windsor  for  gypsum  quarries ; 
Wolfville,  Grandpre,  and  Annapolis,  for  both  historic  and  geological 
interest. 


Special  Work. 

The  Curator  of  the  School  has  spoken  before  ten  organizations  of 
teachers  on  the  opportunities  offered  by  the  School.  These  organ¬ 
izations  included  six  in  Boston,  two  in  Watertown,  and  one  each  in 
Cambridge  and  Waltham.  He  has  also  given  one  lecture  each  on 
the  geology  of  the  metropolitan  district  to  the  teachers  of  Malden, 
Melrose,  Revere,  and  Somerville,  and  one  field  lesson  each  in  their 
own  town  to  the  teachers  of  Watertown,  Stoneham,  Winchester, 
Saugus,  and  Malden.  There  is  a  distinct  call  for  this  work  and  its 
scope  will  be  broadened  during  the  coming  year. 


Improvements. 

In  bringing  the  equipment  up  to  a  higher  standard,  17  new 
electric  lights  have  been  added  to  the  laboratory,  12  new  microscopes 
have  been  purchased,  a  large  number  of  species  or  varieties  have 
been  added  to  the  stock  of  minerals,  the  laboratory  windows  have 
been  refurnished  with  curtains,  and  many  other  minor  improvements 
have  been  made. 

In  conclusion  the  Curator  of  the  School  would  like  to  express  his 
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high  appreciation  of  the  ability  and  success  with  which  the  instructors 
in  botany  and  zoology  with  their  assistants  have  conducted  their 
classes  as  shown  by  the  enthusiasm  aroused  in  members  of  the  classes 
and  the  results  attained.  That  the  members  of  the  classes  appre¬ 
ciate  the  opportunities  offered  them  is  shown  by  the  time  and 
strength  given  by  teachers  whose  time  is  already  filled  and  often 
overcrowded,  by  a  voluntary  vote  of  thanks  sent  through  the  Curator 
to  Mr.  Lowell,  and  by  the  offer  on  their  part  to  help  bear  the  expense 
of  new  equipment  should  the  funds  on  hand  not  be  sufficient  to 
purchase  all  that  might  be  needed. 

To  Prof.  A.  Lawrence  Lowell  and  to  the  officials  of  the  Society, 
the  School  owes  a  deep  debt  of  gratitude  for  their  cordial  coopera¬ 
tion  in  the  conduct  and  improvement  of  the  School. 


REPORT  OF  THE  SECRETARY  AND  LIBRARIAN, 
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Membership. 

During  the  year  1902-1903,  two  Corresponding  Members  have 
been  added  to  the  Society,  Charles  D.  Walcott,  Washington,  and 
J.  J.  H.  Teall,  London.  Twenty-two  Corporate  Members  have  also 
been  added. 

One  Honorary  Member  —  Rudolph  Virchow  —  and  two  Corre¬ 
sponding  Members  —  Paul  B.  Du  Chaillu  and  Major  J.  W.  Powell  — 
have  died  during  the  year.  The  Society  has  also  lost  by  death  this 
year  five  Corporate  Members  —  William  S.  Appleton,  Dr.  Roger  T. 
Atkinson,  Charles  U.  Cotting,  F.  Gordon  Dexter,  Prof.  John  D. 
Runkle.  Seven  Corporate  Members  have  resigned  and  three  have 
been  dropped  from  membership  for  non-payment  of  dues. 

The  membership  of  the  Society,  May  1,  1903,  consists  of  seven 
Honorary,  124  Corresponding,  and  460  Corporate  Members.  There 
are  16  Patrons.  The  Corporate  Membership  is  now  larger  than  in 
any  previous  year.  Following  is  a  statement  of  the  annual  addi¬ 
tions,  losses,  and  net  .increase  in  total  membership  for  the  past 
five  years. 
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1899 

1900 

1901 

1902 

1903 

Members  added 

84 

17 

51 

30 

24 

Members  lost 

21 

12 

28 

22 

18 

Net  increase 

63 

5 

23 

8 

6 

These  figures  show  that  the  Society  is  gradually  increasing  in 
membership,  with  an  average  yearly  gain  of  about  21  persons  during 
the  last  five  years  or  11  for  the  past  four  years. 

The  Corporate  Members  elected  during  the  year  and  the  dates  of 
their  election,  are  as  follows  :  — 

Thomas  Barbour,  November  10,  1902. 

John  Barlow,  March  20,  1903. 

George  A.  Bates,  October  10,  1902. 

Alonzo  R.  Bayne,  October  10,  1902. 

Dwight  Blaney,  March  20,  1903. 

Harold  Bowditch,  October  10,  1902. 

Austin  H.  Clark,  November  10,  1902. 

Harold  S.  Conant,  October  10,  1902. 

Joseph  A.  Cushman,  October  10,  1902. 

Miss  Carrie  D.  Denton,  October  10,  1902. 

John  H.  Hardy,  Jr.,  March  20,  1903. 

Charles  W.  Johnson,  March  20,  1903. 

George  Lefevre,  October  10,  1902. 

Arthur  I.  Nash,  March  20,  1903. 

Miss  Eleanor  P.  Rathbun,  November  10,  1902. 

Ralph  W.  Richards,  November  10,  1902. 

Porter  E.  Sargent,  October  10,  1902. 

Philip  S.  Smith,  November  10,  1902. 

Reuben  M.  Strong,  October  10,  1902. 

Millett  T.  Thompson,  November  10,  1902. 

Charles  F.  Whitney,  October  10,  1902. 

Harris  H.  Wilder,  November  10,  1902. 


Meetings. 

Fourteen  regular  meetings  of  the  Society  have  been  held  during 
the  year.  The  number  of  persons  present  at  any  one  meeting 
has  varied  from  eleven  to  ninety-eight,  the  average  attendance  being 
fifty.  This  is  an  increase  of  fifteen  over  last  year’s  average,  due  in 
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part  to  the  favorable  weather  on  the  evenings  of  the  meetings. 
The  total  attendance  for  the  year  is  700  persons,  an  increase  of  206 
over  last  year’s  total. 

Twenty-one  formal  communications  have  been  made  during  the 
year  by  twenty  persons,  of  whom  nine  had  not  previously  spoken 
before  the  Society.  Two  papers  have  been  presented  by  title. 

The  meetings,  attendance,  and  communications  have  been  as 
follows :  — 

May  7,  1902.  Annual  meeting.  Forty  persons  present. 

Reports  of  the  Museum  Committee,  Secretary,  Librarian, 
Treasurer,  Trustees,  and  Walker  Prize  Committee. 

Mr.  Frederick  G.  Clapp.  The  geological  history  of  the 
Charles  river. 

May  21,  1902.  General  meeting.  Thirty-five  persons  present. 

Dr.  J.  S.  Kingsley.  The  Caecilians. 

Mr.  M.  L.  Fernald.  Some  aspects  of  the  Aroostook  and  its 
vegetation. 

November  5,  1902.  General  meeting.  Forty-one  persons  present. 

Dr.  T.  A.  Jaggar,  Jr.  The  possibility  of  volcano-proof  con¬ 
struction. 

Dr.  W.  E.  Castle.  Mendel’s  principles  of  heredity. 

Dr.  M.  T.  Thompson.  A  rare  Thalassinid  and  its  larva. 
(By  title.) 

November  19,  1902.  General  meeting.  Ninety-eight  persons 
present. 

Mr.  William  Lyman  Underwood.  Bird  photography. 
December  3,  1902.  General  meeting.  Forty-five  persons  present. 

Mr.  James  H.  Emerton.  Methods  of  examining  cobwebs. 

Mr.  Hollis  Webster.  Remarks  on  certain  Boleti,  with  a  note 
on  Pliallogaster. 

December  17,  1902.  General  meeting.  Seventy  persons  present. 

Prof.  William  M.  Davis.  A  western  geological  excursion  in 
the  summer  of  1902. 

January  7,  1903.  General  meeting.  Thirty-six  persons  present. 

Mr.  Joseph  A.  Cushman.  Localized  stages  in  certain  New 
England  and  other  plants. 

January  21,  1903.  General  meeting.  Twenty-eight  persons 
present. 

* 

Dr.  F.  T.  Lewis.  The  embryonic  development  of  the  large 
veins. 
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Dr.  E.  L.  Mark.  A  paraffin  bath  heated  by  electricity. 
February  4,  1903.  General  meeting.  Forty-five  persons  present. 
Prof.  J.  B.  Woodworth.  Some  features  of  the  geology  of  the 
Lake  Champlain  region. 

Mr.  E.  Huntington.  The  Hurricane  fault  and  the  cutting  of 
the  Colorado  canyon. 

Messrs.  Gerrit  S.  Miller,  Jr.,  and  James  A.  G.  Rehn.  Syste¬ 
matic  results  of  the  study  of  North  American  land  mammals 
during  the  years  1901  and  1902.  (By  title.) 

February  18,  1903.  General  meeting.  Forty-five  persons  present. 
Mr.  A.  E.  Preble.  An  exploration  of  the  Hudson  Bay  region. 
Mr.  W.  L.  W.  Field.  Butterfly  hybrids  of  the  genus  Basilar- 
chia. 

March  4,  1903.  General  meeting.  Ninety  persons  present. 

Mr.  Arthur  I.  Nash.  Notes  on  the  beaver. 

March  18,  1903.  General  meeting.  Eighty-two  persons  present. 
Mr.  Henry  L.  Clapp.  Iron  mines  of  the  Marquette  range  and 
copper  mines  of  the  Calumet  region,  Michigan. 

April  1,  1903.  General  meeting.  Thirty-four  persons  present. 
Dr.  F.  A.  Woods.  Mendel’s  laws  of  heredity  and  some  records 
in  rabbit  breeding. 

Dr.  W.  E.  Castle.  The  inheritance  of  mosaic  characters. 

April  15,  1903.  General  meeting.  Eleven  persons  present. 

Dr.  E.  C.  Jeffrey.  The  sequoias  and  their  ancestry. 

t 

Publications. 

During  the  year  the  following  publications  have  been  issued :  — 
Observations  on  living  Brachiopoda.  By  Edward  S.  Morse. 
Memoirs,  vol.  5,  no.  8,  74  pages,  23  plates.  The  cost  of  the  plates 
for  this  paper  was  partly  met  by  private  subscription. 

The  skeletal  system  of  JVecturus  maculatus  Rafinesque.  By  Harris 
Hawthorne  Wilder,  Ph.  D.  Memoirs,  vol.  5,  no.  9,  54  pages,  6 
plates,  22  text  figures. 

The  origin  of  eskers.  By  W.  O.  Crosby.  Proceedings,  vol.  30, 
no.  3,  37  pages. 

Memorial  of  Professor  Alplieus  Hyatt.  Proceedings,  vol.  30,  no. 
4,  21  pages. 
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Proceedings  of  the  annual  meeting,  May  7,  1902.  Proceedings, 
vol.  30,  no.  5,  16  pages. 

Monograph  of  the  Acrasieae.  By  Edgar  W.  Olive.  Proceedings, 
vol.  30,  no.  6,  63  pages,  4  plates. 

The  life  history,  the  normal  fission,  and  the  reproductive  organs  of 
Planaricimaculata.  By  Winterton  C.  Curtis.  Proceedings,  vol.  30, 
no.  7,  45  pages,  11  plates. 

Title  page  and  contents  of  Proceedings,  vol.  30. 

A  rare  Thalassinid  and  its  larva.  By  Millett  T.  Thompson. 
Proceedings,  vol.  31,  no.  1,  21  pages,  3  plates. 

Library. 

The  additions  to  the  library  during  the  year  have  been  as  fol- 


lows :  — 

8vo. 

4to. 

Folio. 

Total. 

Volumes 

422 

121 

5 

548 

Parts  of  volumes 

2,798 

398 

-  1 

3,197 

Pamphlets 

1,510 

87 

17 

1,614 

Maps 

43 

43 

Total 

4,730 

606 

66 

5,402 

Included  in  the  above  are  the 

books  and  pamphlets  from  the 

Alpheus  Hyatt  library 

as  follows :  - 

8vo. 

4to. 

Folio. 

Total. 

V  olumes 

105 

29 

1 

135 

Parts  of  volumes 

25 

25 

Pamphlets 

1,132 

65 

1 

1,198 

Maps 

7 

7 

Total 

1,262 

94 

9 

1,365 

The  library  contains,  May  1,  1903,  27,971 

volumes,  1474 

current 

or  otherwise  uncompleted  volumes,  and  15,845  pamphlets. 

Four  new  exchanges 

have  been 

added  during  the  year. 

These 

are  :  University  of  California,  Berkeley,  Cal. ; 

Goeldi  museum,  Para, 
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Brazil;  R.  istituto  di  studi  superiori,  Firenze,  Italy;  Universite 
de  Rennes,  Rennes,  France.  The  exchanges  now  number  451. 

During  the  year  168  volumes  have  been  bound  as  also  the 
unbound  volumes  and  pamphlets  of  the  Hyatt  library,  amounting  to 
slightly  over  1200. 

Eight  hundred  and  twenty-five  books  have  been  borrowed  by  107 
persons,  and  eight  hundred  and  fifteen  books  have  been  borrowed 
for  use  in  the  building.  The  library  has  been  consulted  about  275 
times. 

The  articles  on  natural  history  in  the  following  serials  have  been 
indexed:  Journal,  College  of  science,  University  of  Tokyo,  Japan, 
15  volumes;  Transactions  Wagner  free  institute,  Philadelphia,  5 
volumes  ;  Proceedings,  Washington  academy  of  sciences,  4  volumes; 
Proceedings,  American  academy  of  arts  and  sciences,  37  volumes. 
Current  volumes  of  serials  preyiously  indexed  are  indexed  as  received. 

The  Society  has  just  received  from  Mr.  Samuel  H.  Scudder  his 
entire  collection  of  books,  pamphlets,  and  original  drawings.  This 
gift  is  in  anticipation  of  Mr.  Scudder’s  intention  to  bequeath  his 
library  in  his  will.  Two  new  stacks  of  shelves  have  been  installed 
in  the  basement  room  for  the  reception  of  this  great  addition,  which 
will  make  the  Society’s  entomological  library  one  of  the  finest  in  the 
country.  The  work  of  arranging  and  cataloguing  these  books  has 
been  begun,  and  a  full  report  will  be  made  at  the  next  annual  meet¬ 
ing.  The  duplicates  are  to  be  sent  to  Williams  college  in  Mr. 
Scudder’s  name. 
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ARMS  FUND.  v 

rl’o  balance  from  April  30, 1902 .  $1,672.76  By  balance  to  new  account . . .  $1,706.22 

Interest  on  deposit  in  Shawmut  Bank .  ,33.46 
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It  was  voted  that  these  reports  be  accepted  and  placed  on  file. 

The  report  of  the  Trustees  was  accepted  and  placed  on  file. 

It  was  announced  that  the  Walker  grand  prize  of  $1,000,  awarded 
once  in  five  years,  had  this  year  been  bestowed  upon  Dr.  Joel  A. 
Allen,  of  New  York,  for  his  able  and  long  continued  contributions  to 
American  mammalogy  and  ornithology. 

The  two  annual  Walker  prizes  were  not  awarded. 

It  was  voted  to  proceed  to  the  election  of  ofiicers  for  the  ensuing 
year.  The  Chair  appointed  Mr.  J.  Henry  Blake  and  Mr.  A.  P. 
Morse  to  act  as  tellers.  After  the  ballots  had  been  distributed 
and  collected,  it  was  announced  that  twenty-eight  ballots  had 
been  cast,  and  that  the  following  candidates  were  duly  elected. 


PRESIDENT, 


CHAELES  SEDGWICK  MINOT. 


VICE-PRESIDENTS, 


CHAELES  P.  BOWDITCH. 


HENEY  W.  HAYNES. 


EOLAND  THAXTEE. 


SECRETARY, 


GLOVEE  M.  ALLEN. 


TREASURER, 


EDWAED  T.  BOUVE. 


COUNCILLORS  FOR  THREE  YEARS, 


Charles  F.  Batchelder. 
William  S.  Bryant. 
William  M.  Davis. 


N.  T.  Kidder. 

William  H.  Niles. 
William  L.  Underwood. 
Arthur  W.  Weysse. 


Samuel  Henshaw. 
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OFFICERS  FOR  1903-1904. 


PRESIDENT, 

CHARLES  SEDGWICK  MINOT. 

VICE-PRESIDENTS, 

CHARLES  P.  BOWDITCH.  HENRY  W.  HAYNES. 

ROLAND  THAXTER. 

CURATOR, 

CHARLES  W.  JOHNSON. 

SECRETARY, 

GLOVER  M.  ALLEN. 

TREASURER, 

EDWARD  T.  BOUVE. 


LIBRARIAN, 

GLOVER  M.  ALLEN. 


COUNCILLORS  FOR  THREE  YEARS, 


Charles  F.  Batciielder. 
William  S.  Bryant. 
William  M.  Davis. 
Samuel  Henshaw. 


N.  T.  Kidder. 

William  H.  Niles. 
William  L.  Underwood. 
Arthur  W.  Weysse. 


COUNCILLORS  FOR  TWO  Y'EARS, 


Miss  Cora  H.  Clarke. 
Robert  T.  Jackson. 
John  S.  Kingsley. 
Edward  S.  Morse. 


George  H.  Parker. 
A.  Lawrence  Rotch. 
William  F.  Whitney. 
J.  B.  Woodworth. 


COUNCILLORS  FOR  ONE  YEAR, 


Miss  Clara  E.  Cummings. 
James  H.  Emerton. 
William  A.  Jeffries. 
George  G.  Kennedy'. 


Miss  Susannah  Minns. 
Thomas  A.  Watson. 
Samuel  Wells. 

John  E.  Wolff. 


councillors  ex-officiis , 

George  L.  Goodale.  F.  W.  Putnam. 

Samuel  H.  Scudder. 


LIST  OF  MEMBERS. 


41 


LIST  OF  MEMBERS. 

HONORARY  MEMBERS. 


Alexander  Agassiz, 

Cambridge. 

Adolph  Bastian, 

Berlin. 

Michael  Foster, 

Cambridge. 

Ernst  Haeckel, 

Jena. 

Joseph  D.  Hooker, 

London. 

Franz  Leydig, 

Wurzburg. 

Edward  B.  Tylor, 

London. 

CORRESPONDING  MEMBERS 
Boston. 

Liverpool,  Eng. 
Liverpool,  Eng. 
Milan,  Italy. 


William  Allen, 

James  Anderson, 
Francis  Archer, 
Francesco  Ardissone, 
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BY-LAWS. 


Section  1.  Members. 

1.  The  Society  shall  consist  of  Corporate  Members,  Correspond¬ 
ing  Members,  Honorary  Members,  and  Patrons. 

2.  Corporate  Members  shall  be  elected  by  the  Committee  on 
Membership,  under  such  regulations  as  the  Council  may  impose. 
Nominations  must  be  in  writing  and  endorsed  by  two  Members. 
Corporate  Members  and  Patrons  only  shall  be  entitled  to  vote,  to 
transact  business,  or  to  hold  office. 

3.  Corresponding  and  Honorary  Members  may  be  chosen  from 
among  persons  who  have  contributed  to  the  advancement  of  science 
on  whom  the  Society  may  wish  to  confer  a  mark  of  respect,  and  shall 
be  elected  by  the  Council  only  upon  the  recommendation  of  the 
Committee  on  Membership. 

4.  Members  may  withdraw  from  the  Society  by  giving  written 
notice  of  such  intention  and  paying  all  arrears.  Members  who  have 
neglected  to  pay  their  regular  assessments  for  two  successive  years, 
and  have  received  due  notification  thereof  from  the  Treasurer,  shall 
become  liable  to  forfeit  their  membership  at  any  time  when  the 
Council  shall  so  order. 

5.  A  Member  may  be  expelled  from  the  Society  upon  the  recom¬ 
mendation  of  the  Council,  by  a  vote  of  three  fourths  of  the  Members 
present  at  a  meeting  of  the  Society  after  notice  of  such  proposed 
action  has  been  sent  to  all  Corporate  Members  at  least  four  days 
before  such  meeting. 

6.  Any  person  who  contributes  at  one  time,  to  the  funds  of  the 
Society,  a  sum  not  less  than  five  hundred  dollars  shall  become  a 
Patron. 

Section  2.  Admission  Fee  and  Assessments. 

1.  Every  person  elected  a  Corporate  Member,  before  obtaining 
the  privileges  of  membership,  must  pay  an  admission  fee  of  five  dol¬ 
lars. 

2.  Every  Corporate  Member  shall  be  subject  to  an  annual  assess¬ 
ment  of  five  dollars  payable  on  the  first  day  of  October  in  each  year, 
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but  for  one  hundred  dollars  life  membership  may  be  granted  free 
from  annual  assessment. 

3.  Members  who  have  given  notice  that  they  will  be  unable  to 
avail  themselves  of  the  privileges  of  membership  for  an  entire  year 
dating  from  October  1  shall  be  exempt  from  the  payment  of  the 
assessment  for  that  year. 

4.  The  President  and  Treasurer  shall  be  empowered  to  return 
( sub  silentio)  to  a  Corporate  Member  the  admission  fee  and  the 
annual  assessment,  if  they  deem  it  for  the  interest  of  the  Society  to 
do  so. 

5.  Corresponding  and  Honorary  Members  shall  not  be  required 
to  pay  an  admission  fee  or  any  assessment. 

Section  3.  Nominating  Committee. 

1.  At  the  General  Meeting  held  on  the  third  Wednesday  of 
March  a  Nominating  Committee  of  five  persons  shall  be  appointed 
who  shall  report  at  the  next  meeting  of  the  Society  a  list  of  candi¬ 
dates  for  the  offices  to  be  filled.  Additional  nominations  may  be 
made  by -any  Corporate  Member. 

2.  Unless  otherwise  ordered  the  Nominating  Committee  shall  be 
appointed  by  the  Chair. 

3.  No  person  shall  be  eligible  for  election  to  any  office  except 
after  nomination  at  a  preceding  meeting. 

Section  4.  Officers. 

1.  The  oflicers  of  the  Society  shall  be  a  President,  three  Vice- 
Presidents,  a  Secretary,  a  Treasurer,  and  twenty-four  Councillors, 
who  together  shall  constitute  a  board  for  the  management  of  the 
affairs  of  the  Society,  and  shall  be  called  the  Council,  and  shall 
hold  office  until  their  successors  have  qualified  in  their  places. 

All  Presidents  and  Vice-Presidents  prior  to  January  7,  1891,  are 
ex  officio  members  of  the  Council. 

All  officers  shall  be  chosen  bv  ballot.  Of  the  twentv-four  Conn- 
cillors  eight  shall  be  chosen  at  each  Annual  Meeting  to  serve  for 
three  years.  ** 

The  Council  shall  appoint  from  time  to  time  a  Curator  and  a 
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Librarian,  who  shall  in  advisory  capacity  attend  ‘all  meetings  of 
the  Council. 

2.  The  President  shall  preside  at  the  meetings  of  the  Society 
and  of  the  Council. 

3.  The  Vice-Presidents  shall  perform  the  duties  of  President  in 
his  absence  in  the  order  of  seniority  in  office. 

4.  The  Curator  shall  be  a  person  of  acknowledged  scientific 
attainments.  Under  direction  of  the  Council  he  shall  have  general 
charge  of  the  museum  and  its  contents,  shall  be  responsible  for  the 
proper  arrangement  of  the  collections,  and  shall  perform  such  other 
duties  as  may  be  prescribed  by  the  Council. 

5.  The  Secretary  shall  record  the  proceedings  of  the  Society, 
of  its  Sections,  and  of  the  Council,  in  books  to  be  kept  for  that 
purpose  ;  shall  have  charge  of  all  records  belonging  to  the  Society, 
and  of  its  publications ;  shall  conduct  the  correspondence  of  the 
Society,  and  keep  a  record  thereof ;  shall  inform  Members  of  their 
election,  and  Committees  of  their  appointment;  and  shall  give 
notice  of  all  meetings,  and  inform  officers  of  all  matters  which 
occur  at  any  meeting  requiring  their  action. 

6.  The  Librarian  shall  have  charge  of  the  library  and  shall 
observe  and  enforce  such  regulations  as  the  Council  may  make  for 
its  use. 

7.  The  Treasurer  shall  receive  all  moneys  due  or  payable  to  the 
Society ;  shall  pay  all  accounts  against  it  when  the  same  have  been 
approved  by  the  Executive  Committee  ;  and  shall  keep  a  correct 
account  of  all  his  receipts  and  expenditures  in  books  belonging  to 
the  Society.  He  shall  receive  officially  all  moneys  given  or 
bequeathed  to  the  Society,  transmit  the  same  to  the  Trustees,  and 
report  his  action  to  the  Council.  When  requested  by  the  Council 
he  shall  make  a  detailed  report  of  all  his  doings. 

Section  5.  Council. 

1.  The  Council  shall  have  full  power  to  act  for  the  interests  of 
the  Society,  shall  control  all  expenditures,  and  shall  make  rules  for 
the  use  of  the  library  and  of  the  museum,  and  for  the  direction  of 
the  Curator,  the  Secretary,  and  the  Treasurer. 

2.  The  Annual  Meeting  of  the  Council  shall  be  held  on  the 
second  Wednesday  in  May,  at  which  meeting  a  Board  of  three 
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Trustees  sliall  he  elected  to  hold  all  the  funded  property  of  the 
Society  in  trust  with  power  to  sell  and  to  reinvest  according  to 
their  judgment.  The  following  Standing  Committees  shall  also  be 
elected,  viz. :  an  Executive  Committee  of  five,  in  whom  the  affairs 
of  the  Council  shall  be  vested  so  far  as  it  shall  determine  by  its 
votes  and  rules;  a  Membership  Committee  of  five  to  elect  Corpor¬ 
ate  Members  and  to  recommend  to  the  Council  candidates  for 
election  as  Honorary  and  Corresponding  Members,  in  accordance 
with  the  provisions  of  Section  1.  A  Library  and  Publishing  Com¬ 
mittee  of  five  to  superintend  the  library  and  the  issue  and  exchange 
of  the  publications  of  the  Society;  a  Walker  Prize  Committee  of 
three  to  have  charge  of  matters  relating  to  that  foundation ;  and  an 
Auditing  Committee  of  two  to  audit  the  accounts  of  the  Treasurer. 
These  Committees  and  Boards  need  not  be  chosen  from  the  Council, 
and  they  shall  hold  office  until  their  successors  have  qualified. 

Special  committees  also  may  be  appointed  if  needed. 

8.  The  Council  may  fill  the  vacancies  occurring  among  the 
twenty-four  Councillors  until  the  next  Annual  Meeting  of  the 
Society. 


Section  6.  Meetings. 

1.  The  Annual  Meeting  for  the  election  of  officers  and  for 
other  general  purposes  shall  be  held  on  the  first  Wednesday  in 
May.  At  this  meeting  the  following  reports  shall  be  presented : 
by  the  Curator  upon  the  condition  and  progress  of  the  museum,  the 
lectures  which  he  has  superintended,  and  any  other  matters  of 
general  interest ;  by  the  Secretary  upon  the  publications,  meetings, 
and  the  lectures  which  he  has  superintended  ;  by  the  Librarian 
upon  the  library ;  by  the  Treasurer  upon  the  receipts  and  expendi¬ 
tures  for  the  year ;  and  by  the  Trustees  upon  the  financial  condition 
of  the  Society. 

2.  General  meetings  of  the  Society  shall  be  held  on  the  first  and 
third  Wednesdays  of  every  month  from  November  to  May  inclusive  ; 
and  at  such  other  times  as  the  Council  may  determine. 

When  any  meeting  provided  for  by  these  By-Laws  falls  upon  a 
legal  holiday,  said  meeting  shall  be  held  on  the  Wednesday  follow¬ 
ing  such  holiday.  * 

3.  At  any  meeting  business  not  provided  for  by  these  By-Laws 
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may  be  transacted,  provided  notice  of  such  proposed  business  has 
been  mailed  postpaid  at  least  four  days  before  the  meeting  to  the 
address  furnished  by  each  Corporate  Member. 

4.  Eleven  Corporate  Members  shall  form  a  quorum  for  business. 

5.  The  order  of  proceeding  at  the  General  Meetings  shall  be 

1.  Approving  the  record  of  preceding  meeting. 

2.  Business. 

3.  Scientific  communications  and  their  discussion. 

4.  Adjournment. 


Section  7.  Library 


1.  Members  of  the  Society  shall  have  access  to  and  may  take 
books  from  the  library  under  the  direction  of  the  Library  and 
Publishing  Committee,  which  may  by  special  vote  extend  the  use  of 
the  books  to  others  than  Members,  specifying  the  conditions  under 
which  books  may  be  taken,  or  may  restrict  their  use  even  by 
Members,  when,  in  their  opinion,  the  interests  of  the  Society 
demand  it. 

2.  The  rules  and  regulations  for  the  use  of  the  library  shall  be 
posted  in  the  library  room,  and  a  digest  of  them  affixed  to  each 
volume. 


Section  8.  Museum. 

1.  The  Executive  Committee  shall  determine  the  conditions  of 
admission  to  the  museum. 

2.  Specimens  may  be  removed  from  the  museum  only  by  leave 
of  the  Curator  who  shall  take  a  receipt  of  the  same  and  be  respon¬ 
sible  for  their  return  in  good  order. 


Section  9.  Sections. 

1.  The  Council  may  authorize  the  formation  of  Sections  of  the 
Society  on  the  written  application  of' ten  Members. 

2.  Meetings  may  be  held  at  the  pleasure  of  the  Section. 

3.  The  requirements  of  membership  in  a  Section  shall  be  :  — 

Membership  in  the  Society. 
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Written  nomination  by  two  Members  of  the  Section  atone 
of  its  regular  meetings. 

Election  by  a  three  fourths  vote  of  the  Members  present 
at  a  subsequent  meeting  of  the  Section. 

4.  The  records  of  meetings  of  Sections  shall  be  entered  in 
chronological  order  upon  the  book  containing  the  records  of  the 
ordinary  meetings  of  the  Society. 

5.  Such  report  of  each  meeting  as  may  be  judged  by  the  Library 
and  Publishing  Committee  suitable  for  publication  in  the  Proceed¬ 
ings  or  Memoirs  of  the  Society  shall  be  announced  by  the  Secretary 
at  the  next  regular  meeting  of  the  Society. 

6.  Each  Section  shall  have  the  right  to  make  additional  regula¬ 
tions  concerning  its  organization,  subject  to  the  approval  of  the 
Council. 


Section  10.  Change  of  By-Laws. 

1.  The  By-Laws  of  the  Society  may  be  altered  or  amended  by  a 
two  thirds  vote  of  the  Corporate  Members  present  at  any  meeting, 
provided  a  notice  of  such  intended  change  shall  have  been  given  at 
a  preceding  meeting  and  shall  have  been  mailed  postpaid  to  the 
address  furnished  by  each  Corporate  Member,  at  least  four  days 
before  final  action. 


Printed ,  June ,  1903. 
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No.  3.  —  SYSTEMATIC  RESULTS  OF  THE  STUDY 
OF  NORTH  AMERICAN  LAND  MAMMAL'S 
DURING  THE  YEARS  1901  AND  1902. 


BY  GERRIT  S.  MILLER,  JR.,  AND  JAMES  A.  G.  REHN. 

Progress  in  the  study  of  the  North  American  mammal  fauna  1 
has  been  exceptionally  rapid  during  the  years  1901  and  1902.  So 
great  an  advance  in  this  field  has  probably  never  before  been  made 
in  a  like  period,  even  during  the  remarkable  activity  of  the  preceding- 
twelve  years.  Since  1900  there  has  been  published  the  first  general 
work  on  North  American  mammals  subsequent  to  that  of  Baird ; 
many  changes  in  nomenclature  have  been  found  necessary,  and  the 
elaboration  of  material  has  resulted  in  the  discoverv  of  over  300 
forms  unknown  two  years  ago. 

To  present  a  summary  of  this  work,  much  of  which  has  been 

issued  in  short  special  articles,  is  the  object  of  this  paper.  So  far 

as  possible  all  personal  opinion  is  excluded,  and  the  facts  are  stated 

with  no  other  end  in  view  than  that  of  history.  While  this  method 

«/ 

entails  occasional  difficulties  and  apparent  inconsistencies,  it  is 
undoubtedly  preferable  to  any  attempt  at  a  critical  treatment  of  the 
subject  that  could  now  be  made. 

A  word  of  explanation  in  regard  to  the  form  adopted.  The 
entries  are  made  in  the  order  followed  in  our  Svstematic  results  of 
the  studv  of  North  American  land  mammals  to  the  close  of  the 
year  1900  (Proc.  Boston  soc.  nat.  hist.,  vol.  30,  p.  1-352,  Decem¬ 
ber  27,  1901).  All  names  recorded  there  and  rejected  during  the 
years  1901  and  1902  are  printed  in  italics,  followed,  except  in  case 
of  elimination,  by  the  current  name.  This  is  in  heavy  faced  type. 
Additions  are  entered  in  the  same  type  as  other  accepted  names, 
but  are  numbered.2  The  svstem  of  citation  is  the  same  as  that  in  the 
earlier  paper,  but  duplication  of  references  there  published  is  as  far 
as  possible  avoided.  The  members  of  genera  revised  since  1900  are 

1  As  more  natural  than  the  Panama  Railroad,  the  boundary  between  Panama 
and  Cauca  is  here  adopted  as  the  southern  limit  of  this  fauna. 

2  Among  these  are  included  three,  Odocoileus  virgultis,  Proechimys  centralis 
panamensis,  and  Ochotona  minimus  inadvertently  omitted  from  the  original 
paper. 
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entered  in  the  order  adopted  by  the  reviser  ;  elsewhere  alphabetic 
sequence  has  been  followed.  Except  in  the  case  of  definitely 
revised  genera,  where  the  author’s  results  are  given  entire,  no 
attempt  is  made  to  record  mere  changes  from  binomial  to  trinomial 
and  the  opposite,  which  involve  no  actual  alteration  of  names.  To 
the  list  of  additions  and  changes  is  appended  an  annotated  bibliog¬ 
raphy  of  the  papers  in  which  these  were  made. 


Order  MARSUPI ALIA . 


Family  DIDELPHIIDAE. 


Genus  MARMOSA  Gray. 

1 .  Marmosa  fulviventer  Bangs. 

1901.  Marmosa  fulviventer  Bangs,  Amer.  nat.,  xxxv,  p.  632. 
August,  1901. 

Type  locality. —  San  Miguel  Island,  Panama. 

Genus  METACHIRUS  Burmeister. 

2.  Metachirus  fuscogriseus  pallidus  Allen. 

1901.  Metachirus  fuscogriseus  pallidus  Allen,  Bull.  Amer. 

mus.  nat.  hist.,  xiv,  p.  215.  July  3,  1901. 

Type  locality. —  Orizaba,  State  of  Vera  Cruz,  Mexico. 


Genus  DIDELPHIS  Linnaeus. 


The  North  America]]  species  of  Didelphis  were  revised  bv  Allen 
in  1901  (Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  149-188,  June  15,  1901), 
but  so  many  additions  and  changes  have  since  been  made  that  the 
forms  now  recognized  are  here  entered  alphabetically. 

Didelphis  aurita  Wied,  p.  7,1  proves  to  be  confined  to  south¬ 
ern  Brazil  and  neighboring  regions  (Allen,  Bull.  Amer.  mus.  nat. 

% 

1  The  page  citations  after  rejected  names  refer  to  our  original  paper  (Proc. 
Boston  soc.  nat.  hist.,  vol.  30,  no.  1). 
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hist.,  xvi,  p.  265,  August  18,  1902).  The  name  is  therefore  to  be 
eliminated. 

3.  Didelphis  richmondi  Allen. 

1901.  Didelphis  riclimondi  Allen,  Bull.  Amer.  mus.  nat. 
hist.,  xiv,  p.  175.  June  15,  1901. 

Type  locality. —  Greytown,  Nicaragua. 

Didelphis  marsupialis  Linnaeus,  p.  7.  This  name  is  now 
restricted  to  the  large  opossum  of  northeastern  South  America  (see 
Thomas,  Amer.  nat.,  xxxv,  p.  144-145,  February,  1901,  and  Allen, 
Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  256,  August  18,  1902)  and  the 
Virginia  opossum  is  known  as : 

Didelphis  virginiana  Kerr. 

1792.  Didelphis  virginiana  Kerr,  Anim.  kingdom,  p.  193. 

1901.  \_Didelphis]  virginiana  Thomas,  Amer.  nat.,  xxxv,  p. 
145.  February,  1901. 

Type  locality. —  Virginia. 

4.  Didelphis  marsupialis  battyi  Thomas. 

1902.  Didelphis  marsupialis  battyi  Thomas,  Novitates  zoolog  - 
icae,  ix,  p.  137.  AprilTO,  1902. 

Type  locality. —  Coiba  Island,  off  west  coast  of  Panama. 

5.  Didelphis  marsupialis  etensis  Allen. 

1901.  Didelphis  karkinophaga  caucae  Bangs,  Amer.  nat., 
xxxv,  p  633.  August,  1901.  (San  Miguel  Island,  Panama.) 
Not  D.  karJcinophaga  caucae  Allen,  Bull.  Amer.  mus.  nat. 
hist.,  xiii,  p.  192,  October  23,  1900. 

1902.  Didelphis  marsupialis  etensis  Allen,  Bull.  Amer.  mus. 
nat.  hist.,  xvi,  p.  262.  August  18,  1902. 

Type  locality. —  Eten,  Piura,  Peru. 

6.  Didelphis  marsupialis  insularis  Allen. 

1902.  Didelphis  marsupialis  insularis  Allen,  Bull.  Amer. 
mus.  nat.  hist.,  xvi,  p.  259.  August  18,  1902. 

Type  locality. —  Caparo,  Trinidad.  Occurs  also  in  Dominica, 
Grenada,  and  St.  Vincent. 

Didelphis  marsupialis  pigra  (Bangs),  p.  7,  becomes : 

Didelphis  virginiana  pigra  Bangs. 

1901.  Didelphis  virginiana  pigra  Allen,  Bull.  Amer.  mus. 
nat.  hist.,  xiv,  p.  165.  June  15,  1901. 
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Didelphis  marsupialis  californica  (Bennett),  p.  7.  This  name 

is  replaced  by : 

Didelphis  mesamericana  Oken. 

1816.  Did \elphys]  mes  americana  Oken,  Lehrbuch  der  zoo- 
logie,  ii,  p.  1152. 

1902.  Didelphis  mes-americana  Allen,  Bull.  Amer.  mus. 
nat.  hist.,  xvi,  p.  256.  August  18,  1902. 

Type  locality. —  Northern  Mexico. 

7.  Didelphis  mesamericana  tabascensis  (Allen). 

1901.  Didelphis  marsupialis  tabascensis  Allen,  Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  173.  June  15,  1901. 

1902.  Didelphis  mes-americana  tabascensis  Allen,  Bull. 
Amer.  mus.  nat.  hist.,  xvi,  p.  257.  August  18,  1902. 

Type  locality. —  Teapa,  State  of  Tabasco,  Mexico. 

8.  Didelphis  mesamericana  texensis  (Allen). 

1901.  Didelphis  marsupialis  texensis  Allen,  Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  172.  June  15,  1901. 

1902.  Didelphis  mes-americana  texensis  Allen,  Bull.  Amer. 
mus.  nat.  hist.,  xvi,  p.  256.  August  18,  1902. 

Type  locality. —  Brownsville,  Cameron  County,  Texas. 

Didelphis  nelsoni  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xiv,  p. 

160,  June  15,  1901  ( nomen  nudum),  is  the  same  as: 

9.  Didelphis  yucatanensis  Allen. 

1901.  Didelphis  yucatanensis  Allen,  Bull.  Amer.  mus.  nat. 
hist.,  xiv,  p.  178.  June  15,  1901. 

Type  locality. —  Chielien-Itza,  Yucatan. 

10.  Didelphis  yucatanensis  cozumelae  Merriam. 

1901.  Didelphis  yucatanensis  cozumelae  Merriam,  Proc. 
biol.  soc.  Washington,  xiv,  p.  101.  July  19,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 
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Order  EDENTATA. 


Family  MYRMECOPHAGIDAE. 


Genus  CYCLOPES  Gray. 

Cyclopes  didactylus  (Linnaeus),  p.  9,  is  confined  to  South 
America.  The  Central  American  animal  is : 

Cyclopes  dorsalis  (Gray). 

1865.  Cyclothurus  dorsalis  Gray,  Proc.  zool.  soc.  London, 
1865,  p.  885,  pi.  19. 

1900.  C\_yclopes~\  d[idactylus~\  dorsalis  Thomas,  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  vi,  p.  302.  September,  1900. 

1902.  Cyclopes  dorsalis  Bangs,  Bull.  mus.  comp,  zool.,  xxxix, 
p.  20.  April,  1902. 

Type  locality. —  Costa  Rica. 


Genus  Myrmecophaga  Linnaeus,  p.  9,  should  stand  as : 

Genus  TAMANDUAS  F.  Cuvier. 

1829.  Tamanduas  F.  Cuvier,  Diet,  des  sci.  nat.,  lix,  p. 
501. 

1901.  Tamanduas  Allen,  Proc.  biol.  soc.  Washington,  xiv, 
p.  92.  June  19,  1901. 

Type. —  Myrmecophaga  tetradactyla  Linnaeus. 

Genus  Falcifer  Rehn,  p.  10.  This  name  has  been  shown 
(Thomas,  Amer.  nat.,  xxxv,  p.  143,  February,  1901,  and  Allen, 
Proc.  biol.  soc.  Washington,  xiv,  p.  91,  June  19,  1901)  to  be  a 
synonym  of : 

Genus  MYRMECOPHAGA  Linnaeus. 

1758.  Myrmecophaga  Linnaeus,  Syst.  nat.,  x  ed.,  i,  p.  35. 
1901.  Myrmecophaga  Thomas,  Amer.  nat.,  xxxv,  p.  144. 
February,  1901. 
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Type. —  By  elimination,  Myrmecophaga  triclactyla  Linnaeus. 

Falcifer  jubata  (Linnaeus),  p.  10,  should  stand  as: 

Myrmecophaga  triclactyla  Linnaeus. 

1758.  Myrmecophaga  tridactyl  a  Linnaeus,  Syst.  nat.,  x  ed., 
i,  p.  35. 

1901.  Myrmecophaga  triclactyla  Thomas,  Amer.  nat.,  xxxv, 
p.  144.  February,  1901. 

Type  locality. —  Brazil. 


Order  UNGULATA. 

Family  TAYAS  SUIDAE. 

•/ 

Genus  TAYASSU  Fischer. 

11.  Tayassu  angulatum  crassum  Merriam. 

1901.  Tayassu  angulatus  crassus  Merriam,  Proc.  biol.  soc. 

Washington,  xiv,  p.  124.  July  19,  1901. 

Type  locality. —  Metlaltoyuca,  State  of  Puebla,  Mexico. 

12.  Tayassu  angulatum  humerale  Merriam. 

1901.  Tayassu  angulatus  humeralis  Merriam,  Proc.  biol.  soc. 

Washington,  xiy,  p.  122.  July  19,  1901. 

Type  locality. —  Armeria,  State  of  Colima,  Mexico. 

13.  Tayassu  angulatum  yucatanense  Merriam. 

1901.  Tayassu  angulatus  yucatanensis  Merriam,  Proc.  biol. 
soc.  Washington,  xiv,  p.  123.  July  19,  1901. 

Type  locality. —  Timkas,  Yucatan. 

14.  Tayassu  crusnigrum  Bangs. 

1902.  Tayassu  crusnigrum  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  20.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 

15.  Tayassu  nanus  Merriam. 

1901.  Tayassu  n<pnus  Merriam,  Proc.  biol.  soc.  Washington, 
xiy,  p.  102.  July  19,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 
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Subgenus  Olidosus  Merriam. 

1901.  Olidosus  Merriam,  Proc.  biol.  soc.  Washington,  xiv, 
p.  120.  July  19,  1901.  Type. —  Sus  albirostris  Illiger  = 
Tayassu  pecari  Fischer. 

Tayassu  albirostre  (Illiger),  p.  13.  This  is  replaced  by  : 

Tayassu  pecari  Fischer. 

1814.  [Tayassu]  pecari  Fischer,  Zoognosia,  iii,  p.  285. 

1902. ’  Tayassu  pecari  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  165.  July  1,  1902. 

Type  locality. —  Paraguay. 

16.  Tayassu  pecari  ringens  (Merriam). 

1901.  Tayassu  albirostris  ringens  Merriam,  Proc.  biol.  soc. 
Washington,  xiv,  p.  121.  July  19,  1901. 

1902.  Tayassu  pecari  ringens  Allen,  Bull.  Amer.  mus.  nat. 
hist.,  xy i,  p.  166.  July  1,  1902. 

Type  locality. —  Apazote,  near  Yohaltun,  State  of  Campeche, 
Mexico. 


Family  CERVIDAE. 


Genus  ODOCOILEUS  Rafinesque. 

Genus  Odocoileus  Rafinesque,  p.  13,  has  been  replaced  by: 

Genus  DAM  A  Zimmermann. 

1777.  Damci  Zimmermann,  Specimen  zoologiae  geographicae, 

p.  351. 

1902.  Dama  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  18- 

20.  February  1,  1902. 

*/  * 

Type. — Damci  virginiana  Ray  =  the  Virginia  deer. 

According  to  Miller  (Proc.  biol.  soc.  Washington,  xy,  p.  39, 
March  5,  1902),  Sclater  (Ann.  and  mag.  nat.  hist.,  7tli  ser.,  ix,  p. 
289-290,  April,  1902),  and  Thomas  (Proc.  biol.  soc.  Washington, 
xy,  p.  198,  October  10,  1902)  this  change  is  not  justified  by  the 
character  of  Zimmermann's  work. 
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17.  Odocoileus  costaricensis  Miller. 

1901.  Odocoileus  costaricensis  Miller,  Proc.  biol.  soc.  Wash¬ 
ington,  xiy,  p.  35.  April  25,  1901. 

Type  locality. —  Talamanca  region,  on  the  eastern  side  of 
Costa  Rica,  between  the  coast  and  the  foot  of  the  Cordilleras. 

18.  Odocoileus  hemionus  canus  Merriam. 

1901.  Odocoileus  hemionus  canus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  iii,  p.  560.  November  29,  1901. 

Type  locality. —  Sierra  en  Media,  State  of  Chihuahua,  Mexico. 

Odocoileus  mexicanus  (Gmelin),  p.  16.  This  name  is  stated  by 
Allen  to  be  untenable,  as  identification  of  the  Cervns  mexicanus  of 
Gmelin  is  not  possible.  He  therefore  replaces  it  by : 

Dama  lichtensteini  Allen. 

1902.  Dama  lichtensteini  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  20.  February  1,  1902. 

According  to  Osgood  (Proc.  biol.  soc.  Washington,  xv,  p.  87-88, 
April  25,  1902),  the  name  mexicanus  as  used  by  Lichtenstein  is 
tenable  for  this  species,  which  should  be  known  as : 

Odocoileus  mexicanus  (Lichtenstein) . 

1827-1834.  Cervus  mexicanus  Lichtenstein,  Darstellung 
neuer  oder  wenig  bekannter  Saugethiere,  pi.  xviii  and 
accompanying  text. 

Type  localityl — Valley  of  Mexico  (see  Osgood,  Proc.  biol. 
soc.  Washington,  xv,  p.  88,  April  25,  1902). 

19.  Odocoileus  rothschildi  (Thomas). 

1902.  Dama  rothschildi  Thomas,  Novitates  zoologicae,  ix,  p. 
136.  April  10,  1902. 

1902.  Odocoileus  rothschildi  Thomas,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  198.  October  10,  1902. 

Type  locality. —  Coiba  Island,  off  west  coast  of  Panama. 

Odocoileus  americanus  (Erxleben),  p.  14.  Both  Allen  (Bull. 
Amer.  mus.  nat.  hist.,  xvi,  p.  19,  February  1,  1902)  and  Osgood 
(Proc.  biol.  soc.  Washington,  xv,  p.  87,  April  25,  1902)  have  urged 
the  untenability  of  this  specific  name.  If  this  view  be  adopted 
the  species  will  stand  as  : 

Odocoileus  virginianus  (Boddaert) . 

1784.  [Cervus ]  virginianus  Boddaert,  Elenchus  animalium, 

p.  136. 
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1898.  0\docoileus]  virginianus  Merriam,  Proc.  biol.  soc. 
Washington,  xn,  p.  100.  April  30,  1898. 

Type  locality. —  Virginia. 

20.  Odocoileus  virginianus  louisianae  G.  M.  Allen. 

1901.  Odocoelus  (sic)  virginianus  louisianae  G.  M.  Allen, 
Amer.  nat.,  xxxv,  p.  449.  June,  1901. 

Type  locality. —  Mer  Rouge,  Morehouse  Parish,  Louisiana. 

21.  Odocoileus  virgultis  (ILallock). 

1899.  Cariacus  virgultis  Hallock,  Forest  and  stream,  lii,  p. 
404.  May  27,  1899. 

Type  locality. — Northwestern  Minnesota  and  adjoining 
British  provinces. 


Genus  M  AZAM  A  Rafinesque. 

22.  Mazama  pandora  Merriam. 

1901.  Mazama  pandora  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  105.  July  19,  1901. 

Type  locality. —  Tunkas,  Yucatan. 


Genus  CERVUS  Linnaeus. 

23.  Cervus  merriami  Nelson. 

1902.  Cervus  merriami  Nelson,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  7.  January  16,  1902. 

Type  locality. —  Head  of  Black  River,  White  Mountains, 
Apache  County,  Arizona.  Altitude,  about  9000  feet. 

24.  Cervus  roosevelti  Merriam. 

1897.  Cervus  roosevelti  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xi,  p.  272.  December  17,  1897. 

1902.  Cervus  roosevelti  Nelson,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  10.  January  16,  1902. 

Type  locality.  —  Mt.  Elaine  (on  ridge  between  heads  of 
Hoh,  Elwah,  and  Soleduc  Rivers),  near  Mt.  Olympus,  Clallam 
Count}q  Washington. 
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Genus  Alces  Jardine,  p.  18.  As  this  name  is  antedated  by  the 
Alee  of  Blumenbach  (Ilandbuch  der  naturgeschichte,  6tb  ed.,  p. 
697,  1799),  applied  to  another  genus  of  Cermclae ,  it  has  been 
changed  to : 

Genus  PAR  ALCES  Allen. 

1902.  Parolees  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p. 
160.  July  1,  1902.  Type. —  Cervus  alces  Linnaeus. 

According  to  Thomas  (Proc.  biol.  soc.  Washington,  xv,  p. 
197,  October  10,  1902)  this  change  is  unnecessary.  If  it  be 
accepted  the  two  American  species  will  stand  as  follows : 

Par  alces  americanus  (Clinton). 

1822.  Cervus  americanus  Clinton,  Letters  on  nat.  hist,  and 
int.  resources  of  New  York,  p.  193. 

1902.  Alces  americanus  Osgood,  Proc.  biol.  soc.  Washington, 

xv,  p.  87.  April  25,  1902.  N 

1902.  Parolees  americanus  Allen,  Bull.  Amer.  mus.  nat. 

hist.,  xvi,  p.  160.  July  1,  1902. 

Type  locality. —  Northern  New  York. 

Par  alces  gigas  (Miller). 

1902.  Paralces  gigas  Allen,  Bull.  Amer.  mus.  nat.  hist., 

xvi,  p.  160.  July  1,  1902. 


Genus  RANGIFER  Hamilton  Smith. 

Ilangifer  dawsoni  Seton-Thompson,  p.  19.  According  to  Osgood 
(North  Amer.  fauna,  no.  21,  p.  26,  September  26,  1901)  no  caribou 
occur  on  the  Queen  Charlotte  Islands,  and  this  animal  is  in  realitv 
Pang  if er  arcticus  (Richardson). 

25.  Rangifer  granti  Allen. 

1902.  Pangifer  granti  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  122.  March  31,  1902. 

Type  locality.— .Western  end  of  Alaska  Peninsula,  opposite 
Popoff  Island,  Alaska. 
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26.  Rangifer  osborni  Allen. 

1902.  Rangifer  osborni  Allen,  Bull.  Amer.  mas.  nat..  hist., 
xvi,  p.  149.  April  16,  1902. 

Type  locality. —  Cassiar  Mountains,  British  Columbia,  Canada. 

27.  Rangifer  pearyi  Allen. 

1902.  Rangifer  pearyi  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  409.  October  31,  1902. 

Ty'pe  locality. — -Ellesmere  Land,  1ST.  Lat.  79°. 

28.  Rangifer  stonei  Allen. 

1901.  Rangifer  stonei  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xiv,  p.  143.  May  28,  1901. 

Type  locality. —  Kenai  Peninsula,  Alaska. 


Family  ANTILOCAPRIDAE. 

Genus  ANTILOCAPRA  Ord. 

29.  Antilocapra  americana  mexicana  Merriam. 

1901.  Antilocapra  americana  mexicana  Merriam,  Proc.  biol. 

soc.  Washington,  xiv,  p.  31.  April  5,  1901. 

Type  locality. —  Sierra  en  Media,  State  of  Chihuahua, 
Mexico. 


Family  BOVIDAE. 


Gen  us  OVIS  Linnaeus. 

Ovis  canadensis  Shaw,  p.  22.  According  to  Elliot  (Field  Colum¬ 
bian  mus.,  publication  45,  zool.  ser.,  ii,  p.  46,  March,  1901)  the  pub¬ 
lication  of  this  name  in  the  year  1804  is  so  questionable  that  the 
animal  should  be  known  as  : 

Ovis  cervina  Desmarest. 

1804.  Ovis  cervina  Desmarest,  Nouv.  diet,  d’hist.  nat.,  xxiv, 
p.  5. 

Type  locality. —  Mountains  of  Alberta,  Canada. 
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Hornaday  (Fifth  annual  report  of  the  New  York  zool.  soc.,  p. 

101,  June  1,  1901)  rejects  both  of  these  names  and  adopts: 

Ovis  montana  Cuvier. 

1817.  Ov\is]  montana  Cuvier,  R&gne  animal,  i,  p.  267  (not 
of  Ord,  1815). 

Type  locality. —  Rocky  Mountains  (50°  N.,  115°  W.) 
between  Alberta  and  British  Columbia,  Canada.  (From 
Geoffroy,  the  basis  of  Cuvier’s  name.) 

30.  Ovis  canadensis  auduboni  Merriam. 

1901.  Ovis  canadensis  auduboni  Merriam,  Proc.  biol.  soc. 
Washington,  xiv,  p.  31.  April  5,  1901. 

Type  locality. —  “Upper  Missouri.”  Believed  to  be  the 
Badlands  of  South  Dakota. 

31.  Ovis  dalli  kenaiensis  Allen. 

1902.  Ovis  dalli  kenaiensis  Allen,  Bull.  Amer.  mus.  nat. 
hist.,  xvi,  p.  145.  April  23,  1902. 

Type  locality. —  Head  of  Sheep  Creek,  Kenai  Peninsula, 
Alaska. 

32.  Ovis  fannini  Hornadav. 

«/ 

1901.  Ovis  fannini  Hornaday",  Fifth  annual  report  of  the 
New  York  zool.  soc.,  appendix  no.  1,  p.  2.  January  8,  1901. 

Type  locality". —  Dawson  City,  Yukon,  Canada. 

33.  Ovis  mexicanus  Merriam. 

1901.  Ovis  mexicanus  Merriam,  Proc.  biol.  soc.  Washington, 
xiy",  p.  80.  April  5,  1901. 

Ty"pe  locality. —  Lake  Santa  Maria,  State  of  Chihuahua, 
Mexico. 


Order  GL1RES. 


Family  SCIURIDAE. 


Genus  SCIURUS  Linnaeus. 

34.  Sciurus  melania  (Gray). 

1867.  Macroxus  melania  Gray,  Ann.  and  mag.  nat.  hist.,  3d 
ser.,  xx,  p.  425.  December,  1867. 
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1902.  Sciurus  ( Echinosciurus)  melania  Bangs,  Bull.  mus. 

comp,  zool.,  xxxix,  p.  22.  April,  1902. 

Type  locality". —  Point  Burica,  Costa  Rica. 


35.  Sciurus  yucatanensis  baliolus  Nelson. 

1901.  Sciurus  yucatanensis  baliolus  Nelson,  Proc.  biol. ‘soc. 

Washington,  xiv,  p.  131.  August  9,  1901. 

Type  locality.—  Apazote,  State  of  Campeche,  Mexico. 


Sciurus  ludovicianus  Custis,  p.  36. 

Sciurus  rufiventer  E.  Geoffroy. 

V 


This  name  is  antedated  by  : 


1803.  Sciurus  rufiventer  E.  Geoffpaty,  Catal.  des  manim.  du 
mus.  national  d’hist.  nat.,  p.  176. 

1902.  Sciurus  rufiventer  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  167.  July  1,  1902. 

Type  locality". —  “  North  America.”  The  type  was  collected 
by  Michaux,  probably  in  the  lower  Mississippi  valley. 


Sciurus  ludovicianus  limitis  (Baird),  p.  36,  and 
Sciurus  ludovicianus  neylectus  (Gray),  p.  36,  now  stand  respec¬ 
tively  as : 

•/ 

Sciurus  rufiventer  texianus  (Bachman). 

1838.  Sciurus  texianus  Bachman,  Proc.  zool.  soc.  London, 


1838,  p.  86. 

1902.  Sciurus  rufiventer  texianus  Allen,  Bull.  Amer. 

nat.  hist.,  xvi,  p.  167.  July  1,  1902. 

Type  locality.  —  Texas. 


mus. 


Sciurus  rufiventer  neglectus  (Gray). 

1902.  Sciurus  rufiventer  neylectus  Allen,  Bull.  Amer.  mus. 
nat.  hist.,  xvr,  p.  167.  July  1,  1902. 

36.  Sciurus  aestuans  chiriquensis  Bangs. 

1902.  Sciurus  ( Guerlinguetus )  aestuans  chiriquensis  Bangs, 
Bull.  mus.  comp,  zool.,  xxxix,  p.  22.  April,  1902. 

Type  locality.  —  Divala,  Chiriqui,  Panama. 

37.  Sciurus  deppei  vivax  Nelson. 

1901.  Sciurus  deppei  vivax  Nelson,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  131.  August  9,  1901. 

Type  locality. — Apazote,  State  of  Campeche,  Mexico. 
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38.  Sciurus  browni  Bangs. 

1902.  Sciurus  [Micro sciurus)  browni  Bangs,  Bull.  mus. 
comp,  zool.,  xxxix,  p.  24.  April,  1902. 

Type  locality".  —  Bogaba,  Chiriqui,  Panama. 


Genus  SYNTHEOSCIURUS  Bangs. 

1902.  Syntheo sciurus  Bangs,  Bull.  mus.  comp,  zool.,  xxxix,  p. 
25.  April,  1902.  Type. —  Syntheosciurus  brochus  Bangs. 

39.  Syntheosciurus  brochus  Bangs. 

1902.  Syntheosciurus  brochus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  25.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  7000 
feet. 


Genius  EUTAMIAS  Trouessart. 

40.  Eutamias  cinereicollis  canipes  Bailey. 

1902.  Eutamias  cinereicollis  canipes  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  117.  June  2,  1902. 

Type  locality".  —  Guadalupe  Mountains,  El  Paso  County, 
Texas.  Altitude,  7000  feet. 

Genus  Spermopliilus  Cuvier,  p.  46.  This  name  is  antedated  by : 

Genus  CITELLUS  Oken.  ' 

1816.  Citellus  Oken,  Lelirbuch  der  zoologie,  ii,  p.  842. 

1902.  Citellus  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  375. 

October  11,  1902. 

Type. — Mus  citellus  Linnaeus. 

41.  Citellus  annulatus  goldmani  (Merriam). 

1902.  Spermopliilus  annulatus  goldmani  Merriam,  Proc. 

biol.  soc.  Washington,  xv,  p.  69.  March  22, 1902. 

Type  locality.  —  Santiago,  Territory  of  Tepic,  Mexico. 

Spermophilus  empdtra  (Pallas),  p.  48.  As  the  name  empetra 
was  based  on  a  marmot,  the  spermophile  now  stands  as : 
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Citellus  parryii  (Richardson). 

1825.  Arctomys  parryii  Richardson,  Appendix  to  Parry’s 
second  voyage,  p.  316. 

1902.  Spermophilus  parryi  Preble,  North  Amer.  fauna,  no. 
22,  p.  46.  October  31,  1902. 

Type  locality. —  Five  Hawser  Bay,  Lyon  Inlet,  Melville 
Peninsula,  Keewatin,  Canada. 

42.  Citellus  spilosoma  arens  (Bailey). 

1902.  Spermophilus  spilosoma  arens  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  118.  June  2,  1902. 

Type  locality.  —  El  Paso,  El  Paso  County,  Texas. 

43.  Citellus  spilosoma  marginatus  (Bailey). 

1902.  Spermophilus  spilosoma  marginatus  Bailey,  Proc. 

biol.  soc.  Washington,  xv,  p.  118.  June  2,  1902. 

Type  locality.  —  Alpine,  Brewster  County,  Texas. 


Subgenus  Gallo  spermophilus  Merriam,  p.  46,  is  now  regarded  as 
a  distinct  genus. 

Genus  CALLOSPERMOPHILUS  Merriam. 

1901.  Gallospermophilus  Merriam,  Proc.  Washington  acad. 
sci.,  hi,  p.  563.  November  29,  1901. 

44.  Callospermophilus  chrysodeirus  trinitatis  (Merriam). 
1901.  Gallo  spermophilus  chrysodeirus  trinitatis  Merriam, 

Proc.  biol.  soc.  Washington,  xiv,  p.  126.  July  19,  1901. 
Type  locality. — Trinity  Mountains,  east  of  Iloopa  Valley, 
Humboldt  County,  California.  Altitude,  5700  feet. 

45.  Callospermophilus  madrensis  (Merriam). 

1901.  Gallospermophilus  madrensis  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  iii,  p.  563.  November  29,  1901. 

Type  locality.  —  Sierra  Madre,  near  Guadalupe  y  Calvo, 
State  of  Chihuahua,  Mexico.  Altitude,  7000  feet. 


Genus  CYNOMYS  Rafinesque. 

Gynomys  leucurus  Merriam,  p.  57.  In  place  of  this  name  Elliot 
has  adopted*: 
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Cynomys  lewisii  (Audubon  and  Bachman). 

1854.  Arctomys  lewisii  Audubon  and  Bachman,  Quadr.  N. 
Amer.,  hi,  p.  32. 

1901.  Cynomys  lewisii  Elliot,  Field  Columbian  nms.,  pub¬ 
lication  45,  zool.  ser.,  n,  p.  104.  March,  1901. 

Type  locality.  —  “  Shores  of  the  Columbia  River.” 


Genus  Arctomys  Storr,  p.  58.  This  name  is  antedated  by: 
Genus  MARMOTTA  Zimmermann. 

1777.  Ma  rmotta  Zimmermann,  Specimen  zoologiae  geo- 
graphicae,  p.  509. 

1902.  Marmotta  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p. 

17.  February  1,  1902. 

Type. —  Mas  marmota  Linnaeus. 

Arctomys  rnonax  canadensis  (Erxleben)  p.  59.  This  stands  as  : 

Arctomys  monax  empetra  (Pallas). 

1778.  Mus  empetra  Pallas,  Nov.  sp.  quadr.  glir.  ord.,  p.  75. 
1902.  Arctomys  monax  empetra  Preble,  North  Amer.  fauna, 

no.  22,  p.  47.  October  31,  1902. 

Type  locality. —  Eastern  Canada. 


Family  MURIDAE. 
«/ 


Genus  PEROMYSCUS  Gloger. 

46.  Peromyscus  cacabatus  Bangs. 

1902.  Peromyscus  cacabatus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  29.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude, 
5000  feet. 

47.  Peromyscus  cozumelae  Merriam. 

1901.  Peromyscus  cozumelae  Merriam,  Proc.  biol.  soc. 

Washington,  xjY,  p.  103.  July  19,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 
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48.  Peromyscus  leucopus  minnesotae  Mearns. 

1901.  Peromyscus  leucopus  minnesotae  Mearns,  Proc.  biol. 
soc.  Washington,  xiv,  p.  154.  August  9,  1901. 

Type  locality". —  Fort  Snelling,  Hennepin  County,  Minnesota. 

49.  Peromyscus  oreas  rubidus  Osgood. 

1901.  Peromyscus  oreas  rubidus  Osgood,  Proc.  biol.  soc. 
Washington,  xiy,  p.  193.  December  12,  1901. 

Ty"pe  locality". —  Mendocino  City,  Mendocino  County,  Cali¬ 
fornia. 

50.  Peromyscus  prevostensis  Osgood. 

1901.  Peromyscus  prevostensis  Osgood,  North  Amer.  fauna, 
no.  21,  p.  29.  September  26,  1901. 

Type  locality". — Prevost  Island,  Queen  Charlotte  Islands, 
British  Columbia,  Canada. 

Subgenus  Megadontomys  Merriam,  p.  86,  is  now  regarded  as  a 
genus  distinct  from  Peromyscus. 


Genus  MEGADONTOMYS  Merriam. 

1902.  Megadontomys  Bangs,  Bull.  mus.  comp,  zool.,  xxxix, 
p.  27.  April,  1902. 

51.  Megadontomys  flavidus  Bangs. 

1902.  Megadontomys  flavidus  ITvngs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  27.  April,  1902. 

Type  locality".  —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 

Peromyscus  nelsoni  Merriam,  p.  81,  and 

Peromyscus  thomasi  Merriam,  p.  86,  now  stand  respectively  as 
follows : 

Megadontomys  nelsoni  (Merriam). 

1902.  M[egadontomys ]  nelsoni  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  27.  April,  1902. 

Megadontomys  thomasi  (Merriam). 

1902.  M[egadontomys ]  thomasi  Bangs,  Bull.  mus.  comp, 
zool..  xxxix,  p.  27.  April,  1902. 
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Genus  Rhipidom/ys  Tschudi,  p.  87.  The  Central  American 
vesper  rats  are  now  distinguished  as  : 

Genus  NYCTOMYS  Saussure. 

1860.  Nyctomys  Saussure,  Revue  ut  magasin  de  zoologie, 
2d  ser.,  xii,  p.  106.  March,  1860. 

1902.  Nyctomys  Bangs,  Bull.  mus.  comp,  zool.,  xxxix,  p.  30. 
April,  1902. 

Type. — Hesperoyny  s  sumichrasti  Saussure. 

Hki pulomys  decolorus  True,  p.  88,  now  stands  as  : 

Nyctomys  decolorus  (True). 

1902.  N  [yctomys~\  decolorus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  30.  April,  1902. 

52.  Nyctomys  nitellinus  Bangs. 

1902.  Nyctomys  nitellinus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  30.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 

Jxhipidomys  sumichrasti  (Saussure),  p.  88,  is  now  : 

Nyctomys  sumichrasti  (Saussure). 

1902.  N[yctomys]  sumichrasti  B an gs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  30.  April,  1902. 


Genus  OTOTYLOMYS  Merriam. 

1901.  Ototylomys  Merriam,  Proc.  Washington  acad.  sci.,  iii, 
p.  561.  November  29,  1901.  Type. —  Ototylomys  phyllotis 
Merriam. 

53.  Ototylomys  phyllotis  Merriam. 

1901.  Ototylomys  phyllotis  Merriam,  Proc.  Washington 
acad.  sci.,  iii,  p.  562.  November  29,  1901. 

Type  locality.  —  Tunkas,  Yucatan. 

54.  Ototylomys  phyllotis  phaeus  Merriam. 

1901.  Ototylomys  phyllotis  phaeus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  iii,  p.  563.  November  29,  1901. 

Type  locality.  —  Apazote,  near  Yohaltun,  State  of  Campeche, 
Mexico. 
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Genus  TYLOMYS  Peters. 

55.  Tylomys  bullaris  Merriam. 

1901.  Tylomys  bullaris  Merriam,  Proc.  Washington  acad. 

sci.,  hi,  p.  561.  November  29,  1901. 

Type  locality.  —  Tuxtla,  State  of  Chiapas,  Mexico. 

56.  Tylomys  tumbalensis  Merriam. 

1901.  Tylomys  tumbalensis  Merriam,  Proc.  Washington 
acad.  sci.,  hi,  p.  560.  November  29,  1901. 

Type  locality.  —  Tumbala,  State  of  Chiapas,  Mexico. 

Genus  Ilolochilus  Brandt,  p.  89.  The  West  Indian  species  are 
now  placed  in : 

Genus  MEGALOMYS  Trouessart. 

1881.  Megalomys  Trouessart,  Le  Naturaliste,  i,  p.  357. 

February  1,  1881. 

«/  ' 

1902.  Megalomys  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p. 
21.  February  1,  1902. 

Type.  —  Mus  pilorides  Pallas. 

According  to  Maj  or,  (Ann.  and  mag.  nat.  hist.,  7th  ser.,  vii,  p. 
205,  February,  1901)  this  genus  is  not  distinguishable  from 
Oryzomys. 

Holochilus  pilorides  (Pallas),  p.  89.  This  now  stands  as: 

Megalomys  desmarestii  (Fischer). 

1829.  M[us ]  desmarestii  Fischer,  Synopsis  mammalium, 

p.  316. 

1902.  Megalomys  desmaresti  Allen,  Bull.  Amer.  mus.  nat. 

hist.,  xvi,  p.  21.  February  1,  1902. 

Type  locality.  —  Island  of  Martinique,  West  Indies. 
According  to  Major  (Ann.  and  mag.  nat.  hist.,  7th  ser.,  vii,  p. 
205,  February,  1901)  the  proper  name  for  this  species  is  Oryzomys 
piloris  (Zimmermann). 

57.  Megalomys  luciae  (Major). 

1901.  Oryzomys  luciae  Major,  Ann.  and  mag.  nat.  hist.,  7th 
ser.,  vii,  p.  206.  February,  1901. 

Type  locality.  —  Island  of  Santa  Lucia,  West  Indies. 
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Genus  SIG-MODON  Say  and  Ord. 

This  seen  us  lias  been  revised  by  Bailey  (Proc.  biol.  soc.  Wash- 
ington,  xv,  p.  101-116,  June  2,  1902).  The  species  are  arranged 
as  follows : 

Sigmodon  hispidus  Say  and  Ord. 

Sigmodon  hispidus  littoralis  Chapman. 

Sigmodon  hispidus  spadicipygus  (Bangs.) 

Sigmodon  hispidus  texianus  (Audubon  and  Bachman). 

Sigmodon  hispidus  berlandieri  (Baird). 

1855.  Sigmodon  berlandieri  Baikd,  Proc.  acad.  nat.  sci. 
Philadelphia,  vn,  p.  333. 

1897.  Sigmodon  hispidus  pallidas  Mearns,  Preliminary 
diagnoses  of  new  mammals  of  the  genera  Sciurus,  Castor, 
Neotoma  and  Sigmodon,  from  the  Mexican  border  of  the 
United  States,  p.  4.  March  5,  1897.  (Reprint:  Proc.  U. 
S.  nat.  mus.,  xx,  p.  504.  January  19,  1898.) 

1902.  Sigmodon  hispidus  berlandieri  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  106.  June  2,  1902. 

Type  locality. —  Rio  Nazas,  State  of  Coalmila,  Mexico. 

Sigmodon  hispidus  eremicus  Mearns. 

Sigmodon  hispidus  arizonae  Mearns. 

Sigmodon  hispidus  mascotensis  (Allen). 

1897.  Sigmodon  mascotensis  Allen,  Bull.  Amer.  mus.  nat. 

hist.,  ix,  p.  54.  March  15, 1897. 

1897.  Sigmodon  colimae  Allen,  Bull.  Amer.  mus.  nat.  hist., 
ix,  p.  55.  March  15,  1897. 

1902.  Sigmodon  hispidus  mascotensis  Bailey,  Proc.  biol.  soc. 
Washington,  xv,  p.  108.  June  2,  1902. 

58.  Sigmodon  hispidus  tonalensis  Bailey. 

1902.  Sigmodon  hispidus  tonalensis  Bailey,  Proc.  biol.  soc. 

Washington,  xr,  p.  109.  June  2,  1902. 

Type  locality.  —  Tonala,  State  of  Chiapas,  Mexico. 
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59.  Sigmodon  hispidus  major  Bailey. 

1902.  Sigmodon  hispidus  major  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  109.  June  2,  1902. 

Type  locality.  —  Sierra  de  Choix,  50  miles  northeast  of  Choix, 
State  of  Sinaloa,  Mexico. 

Sigmodon  hispidus  toltecus  (Saussure) . 

1902.  Sigmodon  hispidus  toltecus  Bailey,  Proc.  biol.  soc. 
Washington,  xv,  p.  110.  June  2,  1902. 

GO.  Sigmodon  hispidus  saturatus  Bailey. 

1902.  Sigmodon  hispidus  saturatus  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  111.  June  2,  1902. 

Type  locality.  —  Teapa,  State  of  Tabasco,  Mexico. 

61.  Sigmodon  hispidus  microdon  Bailey. 

1902.  Sigmodon  hispidus  microdon  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  111.  June  2,  1902. 

Type  locality. —  Puerto  Morelos,  Yucatan. 

Sigmodon  hispidus  borucae  (Allen). 

1902.  Sigmodon  hispidus  borucae  Bailey,  Proc.  biol.  soc. 
Washington,  xv,  p.  112.  June  2,  1902. 

62.  Sigmodon  austerulus  Bangs. 

1902.  Sigmodon  austerulus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  32.  April,  1902. 

Type  locality.  —  Volcan  de  Chiriqui,  Chiriqui,  Panama. 
Altitude,  10,000  feet. 

63.  Sigmodon  alleni  Bailey. 

1902.  Sigmodon  alleni  Bailey,  Proc.  biol.  soc.  Washington, 
xv,  p.  112.  June  2,  1902. 

Type  locality.  —  San  Sebastian,  Mascota,  State  of  Jalisco, 
Mexico. 

Sigmodon  fulviventer  Allen. 

G4.  Sigmodon  melanotis  Bailey. 

1902.  Sigmodon  melanotis  Bailey,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  114.  June  2,  1902. 

Type  locality.  —  Patzcuaro,  State  of  Michoacan,  Mexico. 
Altitude,  7000  feet. 

Sigmodon  minimus  Mearns. 
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65.  Sigmodon  ochrognathus  Bailey. 

1902.  Sigmodon  ochrognathus  Bailey,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  115.  June  2,  1902. 

Type  locality.  —  Chisos  Mountains,  Brewster  County,  Texas. 
Altitude,  8000  feet. 

66.  Sigmodon  leucotis  Bailey. 

1902.  Sigmodon  leucotis  Bailey,  Proc.  biol.  soc.  Washington, 
xv,  p.  115.  June  2,  1902. 

Type  locality.  —  Valparaiso  Mountains,  State  of  Zacatecas, 
Mexico.  Altitude,  8700  feet. 

67.  Sigmodon  alticola  Bailey. 

1902.  Sigmodon  alticola  Bailey,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  116.  June  2,  1902. 

Type  locality.  —  Cerro  San  Felipe,  State  of  Oaxaca,  Mexico. 
Altitude,  10,000  feet. 

68.  Sigmodon  alticola  amoles  Bailey. 

1902.  Sigmodon  alticola  amoles  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  116.  June  2,  1902. 

Type  locality.  —  Pinal  de  Amoles,  State  of  Queretaro, 
Mexico.  Altitude,  7000  feet. 


Genus  ORYZOMYS  Baird. 

The  species  of  this  genus  occurring  in  Mexico  and  the  United 
States  have  been  revised  by  Merriam  (Proc.  Washington  acad.  sci., 
in,  p.  273-295,  July  26,  1901). 

69.  Oryzomys  albiventer  Merriam. 

1901.  Oryzomys  albiventer  Merriam,  Proc.  Washington  acad. 

sci.,  hi,  p.  279.  July  26,  1901. 

Type  locality.  —  Ameca,  State  of  Jalisco,  Mexico. 

70.  Oryzomys  angusticeps  Merriam. 

1901.  Oryzomys  angusticeps  Merriam,  Proc.  Washington 
acad.  sci.,  in,  p.  292.  July  26,  1901. 

Type  locality. — *Volcan  Santa  Maria,  Guatemala.  Altitude, 
9000  feet. 
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71.  Oryzomys  chapmani  caudatus  Merriam. 

1901.  Oryzomys  chapmani  caudatus  Merriam,  Proc.  Wash¬ 
ington  aeatl.  sci.,  hi,  p.  289.  duly  26,  1901. 

Type  locality. —  Comaltepec,  State  of  Oaxaca,  Mexico. 

72.  Oryzomys  chapmani  dilutior  Merriam. 

1901.  Oryzomys  chapmani  dilutior  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  290.  July  26,  1901. 

Type  locality.  —  Huauchinango,  State  of  Puebla,  Mexico. 

73.  Oryzomys  chapmani  saturatior  Merriam. 

1901.  Oryzomys  chapmani  saturatior  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  290.  July  26,  1901. 

Type  locality.  —  Turabala,  State  of  Chiapas,  Mexico. 

74.  Oryzomys  cozumelae  Merriam. 

1901.  Oryzomys  cozumelae  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  103.  July  19,  1901. 

Type  locality.  —  Cozumel  Island,  Yucatan. 

75.  Oryzomys  crinitus  Merriam. 

1901.  Oryzomys  crinitus  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  281.  July  26,  1901. 

Type  locality. —  Tlalpam,  Federal  District,  Mexico. 

76.  Oryzomys  crinitus  aztecus  Merriam. 

1901.  Oryzomys  crinitus  aztecus  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  hi,  p.  282.  July  26,  1901. 

Type  locality. —  Yautepec,  State  of  Morelos,  Mexico. 

77.  Oryzomys  devius  Bangs. 

1902.  Oryzomys  devius  Bangs,  Bull.  mus.  comp,  zool.,  xxxix, 
p.  34.  April,  1902. 

Type  locality.  —  Boquete,  Chiriqui,  Panama.  Altitude, 
5000  feet. 

78.  Oryzomys  goldmani  Merriam. 

1901.  Oryzomys  goldmani  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  288.  July  26,  1901. 

Type  locality. —  Coatzacoalcos,  State  of  Vera  Cruz,  Mexico. 

79.  Oryzomys  hylocetes  Merriam. 

1901.  Oryzomys  hylocetes  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  291.  July  26,  1901. 

Type  locality. —  Chicharras,  State  of  Jalisco,  Mexico. 
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80.  Oryzomys  jalapae  rufinus  Merriam. 

1901.  Oryzomys  jalapae  rufinus  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  m,  p.  285.  July  26,  1901. 

Type  locality. —  Catemaco,  State  of  Vera  Cruz,  Mexico. 

Oryzomys  luciae  Major.  See  Megalomys  luciae  (p.  79). 

81.  Oryzomys  mexicanus  peragrus  Merriam. 

1901.  Oryzomys  mexicanus  peragrus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  283.  July  26,  1901. 

Type  locality. —  Rio  Verde,  State  of  San  Luis  Potosi, 
Mexico. 

Oryzomys  palustris  natator  Chapman,  p.  94,  is  regarded  by 
Merriam  as  a  distinct  species  : 

Oryzomys  natator  (Chapman). 

1901.  Oryzomys  natator  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  277.  July  26,  1901. 

82.  Oryzomys  natator  floridanus  Merriam. 

1901.  Oryzomys  natator  floridanus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  277.  July  26,  1901. 

Type  locality.— Everglade,  Monroe  County,  Florida. 

Regarded  by  Rhoads  (Amer.  nat.,  xxxvi,  p.  663,  August,  1902) 
as  identical  with  Oryzomys  palustris  coloratus  Bangs. 

83.  Oryzomys  palatinus  Merriam. 

1901.  Oryzomys  palatinus  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  290.  July  26,  1901. 

Type  locality. —  Teapa,  State  of  Tabasco,  Mexico. 

84.  Oryzomys  palustris  oryzivorus  (Bachman). 

1854.  Arvicola  oryzivora  Bachman,  Quadr.  N.  Amer.,  in, 
p.  214. 

1902.  Oryzomys  palustris  oryzivorus  Rhoads,  Amer.  nat., 
xxxvi,  p.  662.  August,  1902. 

Type  locality.  —  Southeastern  South  Carolina,  between 
Charleston  and  the  Savannah  River. 

Oryzomys  palustris  texensis  Allen,  p.  94,  is  regarded  by  Merriam 
(Proc.  Washington  acad.  sci.,  in,  p.  276,  July  26,  1901)  as  identical 
with  Oryzomys  palustris. 
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85.  Oryzomys  panamensis  Thomas. 

1901.  Oryzomys  panamensis  Thomas,  Ann.  and  mag.  nat. 
hist.,  7th  ser.,  viii,  p.  25*2.  September,  1901. 

Type  locality. —  City  of  Panama,  Panama. 

86.  Oryzomys  rhabdops  Merriam. 

1901.  Oryzomys  rhabdops  Merriam,  Proc.  Washington  aead. 
sci.,  hi,  p.  291.  July  26,  1901. 

Type  locality. —  Calel,  Guatemala.  Altitude,  10,000  feet. 

87.  Oryzomys  richmondi  Merriam. 

1901.  Oryzomys  richmondi  Merriam,  Proc.  Washington 
acad.  sci.,  iii,  p.  284.  July  26,  1901. 

Type  locality. —  Escondido  River,  50  miles  above  Bluefields, 
Nicaragua. 

88.  Oryzomys  rostratus  Merriam. 

1901.  Oryzomys  rostratus  Merriam,  Proc.  Washington  acad. 
sci.,  iii,  p.  293.  July  26,  1901. 

Type  locality. —  Metlaltoyuca,  State  of  Puebla,  Mexico,  t 

89.  Oryzomys  rostratus  megadon  Merriam. 

1901.  Oryzomys  rostratus  megadon  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  iii,  p.  294.  July  26,  1901. 

TvrPE  locality. —  Teapa,  State  of  Tabasco,  Mexico. 

90.  Oryzomys  rufus  Merriam. 

1901.  Oryzomys  rufus  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  287.  July  26,  1901. 

Tatpe  locality. —  Santiago,  Tepic,  State  of  Jalisco,  Mexico. 

91.  Oryzomys  teapensis  Merriam. 

1901.  Oryzomys  teapensis  Merriam,  Proc.  Washington  acad. 
sci.,  iii,  p.  286.  July  26,  1901. 

Type  locality. —  Teapa,  State  of  Tabasco,  Mexico. 

92.  Oryzomys  tectus  Thomas. 

1901.  Oryzomys  tectus  Thomas,  Ann.  and  mag.  nat.  hist.,  7th 
ser.,  viii,  p.  251.  September,  1901. 

Type  locality. —  Bogaba,  Chiriqui,  Panama.  Altitude,  about 
800  feet. 
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93.  Oryzomys  yucatanensis  Merriam. 

1901.  Oryzomys  yucatanensis  Merriam,  Proo.  Washington 
acad.  sci.,  hi,  p.  29-1.  July  26,  1901. 

Type  locality. —  Chichen-Itza,  Yucatan. 

94.  Oryzomys  zygomaticus  Merriam. 

1901.  Oryzomys  zygomaticus  Merriam,  Proc.  Washington 
acad.  sci.,  hi,  p.  285.  July  26,  1901. 

Type  locality. — -Nenton,  Guatemala. 

Subgenus  Oligoryzomys  Bangs. 

1900.  Oligoryzomys  Bangs,  Proc.  New  England  zool.  club, 
i,  p.  94.  February  28,  1900.  Type. —  Oryzomys  navus 
Bangs. 

95.  Oryzomys  vegetus  Bangs. 

1902.  Oryzomys  ( Oligoryzomys )  vegetus  Bangs,  Bull.  mus. 
comp,  zool.,  xxxix,  p.  35.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 


Genus  ZYGODONTOMYS  Allen. 

Oryzomys  chrysomelas  Allen,  p.  92,  now  stands  as  : 

Zygodontomys  chrysomelas  (Allen). 

1902.  Zygodontomys  chrysomelas  Bangs,  Bull.  mus.  comp, 
zool.,  xxxix,  p.  37.  April,  1902. 

96.  Zygodontomys  seorsus  Bangs. 

1901.  Zygodontomys  seorsus  Bangs,  Amer.  mat.,  xxxv,  p. 
642.  August,  1901. 

Type  locality. —  San  Miguel  Island,  Panama. 

Genus  REITHRODONTOMYS  Giglioli. 

97.  Reithrodontomys  australis. vulcanius  Bangs. 

1902.  lleithroddntomys  australis  vulcanius  Bangs,  Bull.  mus. 
comp,  zool.,  xxxix,  p.  38.  April,  1902. 
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Type  locality. —  Yolcan  de  Chiriqui,  Chiriqui,  Panama.  Alti¬ 
tude,  10,300  feet. 

08.  Reithrodontomys  chrysopsis  tolucae  Merriam. 

1901.  Reithrodontomys  chrysopsis  tolucae  Merriam,  Proc. 
Washington  acad.  sci.,  m,  p.  549.  November  29,  1901. 

Type  locality. —  North  slope  of  Yolcan  Toluca,  State  of 
Mexico,  Mexico.  Altitude,  11,500  feet. 

99.  Reithrodontomys  colimae  Merriam. 

1901.  Reithrodontomys  colimae  Merriam,  Proc.  Washington 
acad.  sci.,  m,  p.  551.  November  29,  1901. 

Type  locality. —  Near  timberline,  Sierra  Nevada  de  Colima, 
State  of  Jalisco,  Mexico.  Altitude,  12,000  feet. 

100.  Reithrodontomys  colimae  nerterus  Merriam. 

1901.  Reithrodontomys  colimae  nerterus  Merriam,  Proc. 
Washington  acad.  sci.,  iii,  p.  551.  November  29,  1901. 

Type  locality. —  Foothill  region  of  Sierra  Nevada  de  Colima, 
State  of  Jalisco,  Mexico.  Altitude,  6500  feet. 

101.  Reithrodontomys  costaricensis  jalapae  Merriam. 

1901.  Reithrodontomys  costar  icensis  jalapae  Merriam,  Proc. 
Washington  acad.  sci.,  iii,  p.  552.  November  29,  1901. 

Type  locality. —  Jalapa,  State  of  Yera  Cruz,  Mexico.  Alti¬ 
tude,  4000  feet. 

102.  Reithrodontomys  creper  Bangs. 

1902.  Reithrodontomys  creper  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  39.  April,  1902. 

Type  locality. —  Yolcan  de  Chiriqui,  Chiriqui,  Panama.  Alti¬ 
tude,  11,000  feet. 

103.  Reithrodontomys  difficilis  Merriam. 

1901.  Reithrodontomys  difficilis  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  in,  p.  556.  November  29,  1901. 

TvrPE  locality. —  Orizaba,  State  of  Yera  Cruz,  Mexico.  Alti¬ 
tude,  4500  feet. 

104.  Reithrodontomys  dorsalis  Merriam. 

1901.  Reithrodontomys  dorsalis  Merriam,  Proc.  Washington 
acad.  sci.,  iii,  p.  557.  November  29,  1901. 

Type  locality. —  Calel,  Guatemala. 
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105.  Reithrodontomys  goldmani  Merriam. 

1901.  Reithrodontomys  goldmani  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  hi,  p.  552.  November  29,  1901. 

Type  locality. —  Metlaltoyuca,  State  of  Puebla,  Mexico. 
Altitude,  800  feet. 

106.  Reithrodontomys  griseoflavus  Merriam. 

1901.  Reithrodontomys  griseoflavus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  553.  November  29,  1901. 

Type  locality. —  Ameca,  State  of  Jalisco,  Mexico.  Altitude, 
4000  feet. 

107.  Reithrodontomys  griseoflavus  helvolus  Merriam. 

1901.  Reithrodontomys  griseoflavus  helvolus  Merriam, 
Proc.  Washington  acad.  sci.,  in,  p.  554.  November  29, 
1901. 

Type  locality. —  Oaxaca  City,  State  of  Oaxaca,  Mexico. 

108.  Reithrodontomys  hirsutus  Merriam. 

1901.  Reithrodontomys  hirsutus  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  in,  p.  553.  November  29,  1901. 

Type  locality. —  Ameca,  State  of  Jalisco,  Mexico.  Altitude, 
5500  feet. 

i 

109.  Reithrodontomys  levipes  Merriam. 

1901.  Reithrodontomys  levipes  Merriam,  Proc.  Washington 
acad.  sci.,  in,  p.  554.  November  29,  1901. 

Type  locality. —  San  Sebastian,  State  of  Jalisco,  Mexico. 
Altitude,  3000  feet. 

110.  Reithrodontomys  levipes  otus  Merriam. 

1901.  Reithrodontomys  levipes  otus  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  in,  p.  555.  November  29,  1901. 

Type  locality. —  Foothill  region  of  Sierra  Nevada  de  Colima, 
State  of  Jalisco,  Mexico.  Altitude,  6500  feet. 

111.  Reithrodontomys  levipes  toltecus  Merriam. 

1901.  Reithrodontomys  levipes  toltecus  Merriam,  Proc. 
Washington  acad.  sci.,  in,  p.  555.  November  29,  1901. 

Type  locality. —  Tlalpam,  Federal  District,  Mexico. 

112.  Reithrodontomys  megalotis  obscurus  Merriam. 

1901.  Reithrodontomys  megalotis  obscurus  Merriam,  Proc. 
Washington  acad.  sci.,  in,  p.  558.  November  29,  1901. 
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Type  locality. —  Sierra  Madre,  near  Guadalupe  y  Calvo, 
State  of  Chihuahua,  Mexico. 

113.  Reithrodontomys  megalotis  zacatecae  Merriam. 

1901.  Reithroclontomys  megalotis  zacatecae  Merriam,  Proc. 

Washington  acad.  sci.,  in,  p.  557.  November  *29,  1901. 
Type  locality. —  Valparaiso  Mountains,  State  of  Zacatecas, 
Mexico. 

114.  Reithrodontomys  microdon  Merriam. 

1901.  Reithrodontomys  microdon  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  hi,  p.  548.  November  29,  1901. 

Type  locality. —  Todos  Santos,  Guatemala.  Altitude,  10,000 
feet. 

115.  Reithrodontomys  microdon  albilabris  Merriam. 

1901.  Reithrodontomys  microdon  albilabris  Merriam,  Proc. 

Washington  acad.  sci.,  in,  p.  549.  November  29,  1901. 
Type  locality. —  Cerro  San  Felipe,  State  of  Oaxaca,  Mexico. 
Altitude,  10,000  feet. 

116.  Reithrodontomys  orizabae  Merriam. 

1901.  Reithrodontomys  orizabae  Merriam,  Proc.  Washing 
ton  acad.  sci.,  m,  p.  550.  November  29,  1901. 

Type  locality. —  Mount  Orizaba,  State  of  Puebla,  Mexico. 
Altitude,  9500  feet. 

117.  Reithrodontomys  perotensis  Merriam. 

1901.  Reithrodontomys  perotensis  Merriam,  Proc.  Washing¬ 
ton  acad.  sci.,  in,  p.  550.  November  29,  1901. 

Type  locality. —  Cofre  de  Perote,  State  of  Vera  Cruz, 
Mexico.  Altitude,  9500  feet. 

118.  Reithrodontomys  saturatus  alticola  Merriam. 

1901.  Reithrodontomys  saturatus  alticolus  Merriam,  Proc. 

Washington  acad.  sci.,  in,  p.  556.  November  29,  1901. 
Type  locality. —  Cerro  San  Felipe,  near  Oaxaca,  State  of 
Oaxaca,  Mexico.  Altitude,  10,000  feet. 

119.  Reithrodontomys  saturatus  cinereus  Merriam. 

1901.  Reithrodontomys  saturatus  cinereus  Merriam,  Proc. 

Washington  acad.  sci.,  in,  p.  556.  November  29,  1901. 
Type  locality. —  Chalchicomula,  State  of  Puebla,  Mexico. 
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120.  Reithrodontomys  tenuirostris  Merriam. 

1901.  Reithrodontomys  tenuirostris  Merriam,  Proc.  Wash¬ 
ington  acad.  sci.,  hi,  p.  547.  November  29,  1901. 

Type  locality. —  Todos  Santos,  Guatemala.  Altitude,  10,000 
feet. 

121.  Reithrodontomys  tenuirostris  aureus  Merriam. 

1901.  Reithrodontomys  tenuirostris  aureus  Merriam,  Proc. 

Washington  acad.  sci.,  hi,  p.  548.  November  29,  1901. 
Type  locality. —  Calel,  Guatemala.  Altitude,  10,200  feet. 


Genus  AKODON  Meyen. 

122.  Akodon  teguina  apricus  Bangs. 

1902.  Akodon  teguina  apricus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  40.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 

123.  Akodon  xerampelinus  Bangs. 

1902.  Akodon  xerampelinus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  41.  April,  1902. 

Type  locality. —  Volcan  de  Chiriqui,  Chiriqui,  Panama. 
Altitude,  10,300  feet. 


Genus  PHENACOMYS  Merriam. 

124.  Phenacomys  albipes  Merriam. 

1901.  Phenacomys  albipes  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  125.  July  19,  1901. 

Type  locality. —  Redwoods,  near  Areata,  Humboldt  Bay, 
Humboldt  County,  California. 

125.  Phenacomys  mackenzii  Preble. 

1902.  Phenacomys  mackenzii  Preble,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  182.  August  6,  1902. 

Type  locality. —  Fort  Smith,  Slave  River,  near  the  Atha- 
basca-Mackenzie  boundary  line,  Canada. 


MILLER  AND  REHN :  NORTH  AMERICAN  MAMMALS.  91 


Genus  MICROTUS  Sckrank. 

126.  Microtus  aphorodemus  Preble. 

1902.  Microtus  aphorodemus  Preble,  North  Amer.  fauna, 
no.  22,  p.  52.  October  31,  1902. 

Type  locality. —  Barren  grounds  about  50  miles  south  of 
Cape  Eskimo,  near  mouth  of  Tblewiaza  River,  Keewatin, 
Canada. 

127.  Microtus  pennsylvanicus  shattucki  Howe. 

1901.  Microtus  pennsilvanicus  shattucki  Howe,  Proc.  Port¬ 
land  soc.  nat.  hist.,  n,  p.  201.  December  31,  1901. 

Type  locality. —  Tumble  Down  Dick  Island,  near  Long 
Island,  Penobscot  Bay,  Maine. 

128.  Microtus  mexicanus  guadalupensis  Bailey. 

1902.  Microtus  mexicanus  guadalupensis  Bailey,  Proc.  biol. 
soc.  Washington,  xv,  p.  118.  June  2,  1902. 

Type  locality. —  Guadalupe  Mountains,  El  Paso  County, 
Texas.  Altitude,  7800  feet. 

129.  Microtus  miurus  Osgood. 

1901.  Microtus  miurus  Osgood,  North  Amer.  fauna,  no.  21, 
p.  64.  September  26,  1901. 

Type  locality. —  Head  of  Bear  Creek,  in  mountains  near 
Hope  City,  Turnagain  Arm,  Cook  Inlet,  Alaska. 


Genus  FIBER  Cuvier. 

130.  Fiber  zibethicus  hudsonius  Preble. 

1902.  Fiber  zibethicus  hudsonius  Preble,  North  Amer. 

fauna,  no.  22,  p.  53.  October  31,  1902. 

Type  locality. —  Fort  Churchill,  Keewatin,  Canada. 

131.  Fiber  zibethicus  ripensis  Bailey. 

1902.  Fiber  zibethicus  ripensis  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  119.  June  2,  1902. 

Type  locality. —  Pecos  River  at  Carlsbad,  formerly  Eddy, 
Eddy  County,  New  Mexico. 
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Genus  SYNAPTOMYS  Baird. 

132.  Synaptomys  bullatus  Preble. 

1902.  Synaptomys  ( Mictornys )  bullatus  Preble,  Proc.  biol. 

soc.  Washington,  xv,  p.  181.  August  6,  1902. 

Type  locality. —  Trout  Rock,  near  Fort  Rae,  Great  Slave 
Lake,  Mackenzie,  Canada. 


Family  GEOMYIDAE. 


Genus  PLATYGEOMYS  Merriam. 

133.  Platygeomys  neglectus  Merriam. 

1902.  Platygeomys  neglectus  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  68.  March  22,  1902. 

Type  locality. —  Cerro  de  la  Calentura,  about  8  miles  north¬ 
west  of  Pinal  de  Amoles,  State  of  Queretaro,  Mexico.  Alti 
tude,  9000  feet. 


Genus  MACROGEOMYS  Merriam. 

134.  Macrogeomys  cavator  Bangs. 

1902.  Macrogeomys  cavator  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  42.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4800 
feet. 

135.  Macrogeomys  pans  a  Bangs. 

1902.  Macrogeomys  pansa  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  44.  April,  1902. 

Type  locality. —  Bogaba,  Chiriqui,  Panama.  Altitude,  600 
feet. 


Genus  THOMOMYS  Wied. 

136.  Thomomys  angularis  pascalis  Merriam. 

1901.  Thomomys  angularis  pascalis  Merriam,  Proc.  biol. 
soc.  Washington,  xiv,  p.  111.  July  19,  1901. 
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Type  locality. —  Fresno,  San  Joaquin  Valley,  Fresno  County, 
California. 

137.  Thomomys  aureus  lachuguilla  Bailey. 

1902.  Tliomomys  aureus  lachuguilla  Bailey,  Proc.  biol.  soc. 

Washington,  xv,  p.  120.  June  2,  1902. 

Type  locality. —  Arid  foothills  near  El  Paso,  El  Paso  County, 
Texas. 

138.  Thomomys  aureus  perpes  Merriam. 

1901.  Thomomys  aureus  perpes  Merriam,  Proc.  biol.  soc. 

Washington,  xiv,  p.  111.  July  19,  1901. 

Type  locality. —  Lone  Pine,  Owens  Valley,  Inyo  County, 
California. 

139.  Thomomys  aureus  pervagus  Merriam. 

1901.  Thomomys  aureus  per  vagus  Merriam,  Proc.  biol.  soc. 

Washington,  xiv,  p.  110.  July  19,  1901. 

Type  locality. —  Espanola,  Santa  Fe  County,  New  Mexico. 

140.  Thomomys  baileyi  Merriam. 

1901.  Thomomys  baileyi  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  109.  July  19,  1901. 

Type  locality. —  Sierra  Blanca,  El  Paso  County,  Texas. 

141.  Thomomys  bridgeri  Merriam. 

1901.  Thomomys  bridgeri  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  113.  July  19,  1901. 

Type  locality. —  Fort  Bridger,  Uinta  County,  Wyoming. 

142.  Thomomys  cabezonae  Merriam. 

1901.  Thomomys  cabezoyiae  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  110.  July  19,  1901. 

Type  locality.  —  Cabezon,  San  Gorgonio  Pass,  Riverside 
County,  California. 

143.  Thomomys  clusius  ocius  Merriam. 

1901.  Thomomys  clusius  ocius  Merriam,  Proc.  biol.  soc. 

Washington,  xiv,  p.  114.  July  19,  1901. 

Type  locality. —  Fort  Bridger,  Uinta  County,  Wyoming. 

144.  Thomomys  desertorum  Merriam. 

1901.  Thomomys  desertorum  Merriam,  Proc.  biol.  soc. 
Washington,  xiv,  p.  114.  July  19,  1901. 


94  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Type  locality.  —  Mud  Spring,  Detrital  Valley,  Mohave 
County,  Arizona. 

145.  Thomomys  douglasii  oregonus  Merriam. 

1901.  Thomomys  douglasi  oregonus  Merriam,  Proc.  biol. 
soc.  Washington,  xiv,  p.  115.  July  19, 1901. 

Type  locality. —  Oregon  City,  Willamette  Valley,  Clack¬ 
amas  County,  Oregon. 

146.  Thomomys  fulvus  texensis  Bailey. 

1902.  Thomomys  fulvus  texensis  Bailey,  Proc.  biol.  soc. 
Washington,  xv,  p.  119.  June  2,  1902. 

Type  locality.  —  Head  of  Limpia  Creek,  at  5500  feet  alti¬ 
tude,  Davis  Mountains,  Jeff  Davis  County,  Texas. 

147.  Thomomys  fuscus  fisheri  Merriam. 

1901.  Thomomys  fuscus  fisheri  Merriam,  Proc.  biol.  soc. 
Washington,  xiv,  p.  111.  July  19,  1901. 

Type  locality. —  Beckwith,  Sierra  Valley,  Plumas  County, 
California. 

• 

148.  Thomomys  goldmani  Merriam. 

1901.  Thomomys  goldmani  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  108.  July  19,  1901. 

Type  locality.  —  Mapimi,  State  of  Durango,  Mexico. 

149.  Thomomys  hesperus  Merriam. 

1901.  Thomomys  hesperus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  116.  July  19,  1901. 

Type  locality.  —  Tillamook,  Tillamook  County,  Oregon. 

150.  Thomomys  idahoensis  Merriam. 

1901.  Thomomys  idahoensis  Merriam,  Proc.  biol.  soc;  Wash¬ 
ington,  xiv,  p.  114.  July  19,  1901. 

Type  locality.  —  Birch  Creek,  Fremont  County,  Idaho. 

151.  Thomomys  latirostris  Merriam. 

1901.  Thomomys  latirostris  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  107.  July  19,  1901. 

Type  locality.'-- Little  Colorado  River,  Painted  Desert, 
Coconino  County,  Arizona. 
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152.  Thomomys  leucodon  navus  Merriam. 

1901.  Thomomys  leucodon  navus  Merriam,  Proc.  biol.  soc. 
Washington,  xiy,  p.  112.  July  19,  1901. 

Type  locality. —  Red  Bluff,  Tehama  County,  California. 

153.  Thomomys  limosus  Merriam. 

1901.  Thomomys  limosus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  116.  July  19,  1901. 

Type  locality. —  White  Salmon,  Gorge  of  the  Columbia, 
Klickatat  County,  Washington. 

154.  Thomomys  my  ops  Merriam. 

1901.  Thomomys  myops  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  112.  July  19,  1901. 

Type  locality. —  Conconully,  east  base  of  Cascade  Range, 
Okanogan  County,  Washington. 

155.  Thomomys  nelsoni  Merriam. 

1901.  Thomomys  nelsoni  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  109.  July  19,  1901. 

Type  locality. —  Parral,  State  of  Chihuahua,  Mexico. 

156.  Thomomys  niger  Merriam. 

1901.  Thomomys  niger  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  117.  July  19,  1901. 

Type  locality. —  Seaton,  near  mouth  of  Umpqua  River, 
Douglas  County,  Oregon. 

157.  Thomomys  perditus  Merriam. 

1901.  Thomomys  perditus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  108.  July  19,  1901. 

Type  locality. —  Lampazos,  State  of  Nuevo  Leon,  Mexico. 

158.  Thomomys  pygmaeus  Merriam. 

1901.  Thomomys  pygmaeus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  115.  July  19,  1901. 

Type  locality. —  Montpelier  Creek,  Bear  County,  Idaho. 
Altitude,  6700  feet. 

159.  Thomomys  sinaloae  Merriam. 

1901.  Thomomys  sinaloae  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  108.  July  19,  1901. 

Type  locality. —  Altata,  State  of. Sinaloa,  Mexico. 
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160.  Thomomys  uinta  Merriam. 

1901.  Thomomys  uinta  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xi y,  p.  112.  July  19,  1901. 

Type  locality. —  Uinta  Mountains,  Summit  County,  Utah. 
Altitude,  10,000  feet. 


% 

Family  HETEROMYIDAE. 


Genus  MICRODIPODOPS  Merriam. 

161.  Micro  dipod  ops  calif  ornicus  Merriam. 

1901.  Microdipodops  calif  ornicus  Merriam,  Proc.  biol.  soc. 
Washington,  xiv,  p.  128.  July  19,  1901. 

Type  locality. —  Sierra  Valley,  near  Vinton,  Plumas  Coun¬ 
ty,  California. 

162.  Microdipodops  megacephalus  oregonus  Merriam. 

1901.  Microdipodops  megacephalus  oregonus  Merriam,  Proc. 
biol.  soc.  Washington,  xiy,  p.  127.  July  19,  1901. 

Type  locality.  —  Lake  Alvord,  Alvord  Desert,  Harney 
County,  Oregon. 

163.  Microdipodops  pallidus  Merriam. 

1901.  Microdipodops  pallidus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xiy,  p.  127.  July  19,  1901. 

Type  locality. —  Ten  miles  east  of  Stillwater,  near  sink  of 
the  Humboldt  and  Carson,  Churchill  County,  Nevada. 


Genus  PEROGNATHUS  Wied. 

164.  Perognathus  fallax  pallidus  Mearns. 

1901.  Perognathus  fallax  pallidus  Mearxs,  Proc.  biol.  soc. 

Washington,  xiy,  p.  135.  August  9,  1901. 

Type  locality. —  Mountain  Spring,  half-way  up  the  east  slope 
of  the  Coast  Range  Mountains,  on  the  Mexican  Boundary 
Line,  San  Diego  County,  California. 
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Genus  HETEROMYS  Desmarest. 

165.  Heteromys  annectens  Merriam. 

1902*  Heteromys  annectens  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  43.  March  5,  1902. 

Type  locality. —  Pluma,  State  of  Oaxaca,  Mexico. 

166.  Heteromys  goldmani  Merriam. 

1902.  Heteromys  goldmani  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xy,  p.  41.  March  5,  1902. 

Type  locality. —  Chicharras,  State  of  Chiapas,  Mexico. 

167.  Heteromys  goldmani  lepturus  Merriam. 

1902.  Heteromys  goldmani  lepturus  Merriam,  Proc.  biol. 
soc.  Washington,  xv,  p.  42.  March  5,  1902. 

Type  locality. —  Mountains  near  Santo  Domingo,  State  of 
Oaxaca,  Mexico. 

168.  Heteromys  griseus  Merriam. 

1902.  Heteromys  griseus  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  42.  March  5,  1902. 

Type  locality. —  Mountains  near  Tonala,  State  of  Chiapas, 
Mexico. 

169.  Heteromys  repens  Bangs. 

1902.  Heteromys  repens  Bangs,  Bull.  mus.  comp,  zool.,  xxxix, 
p.  45.  April,  1902. 

Type  locality. —  Boquete,  Chiriqui,  Panama.  Altitude,  4000 
feet. 


Subgenus  Xylomys  Merriam. 

1902.  Xylomys  Merriam,  Proc.  biol.  soc.  Washington,  xv,  p. 
43.  March  5,  1902.  Type. —  Heteromys  ( Xylomys )  nelsoni 
Merriam. 

170.  Heteromys  nelsoni  Merriam. 

1902.  Heteromys  ( Xylomys )  nelsoni  Merriam,  Proc.  biol. 

soc.  Washington,  xv,  p.  43.  March  5,  1902. 

Type  locality. —  Pinabete,  State  of  Chiapas,  Mexico. 
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Genus  LIOMYS  Mei  *riam. 

190*2.  Liomys  Merriam,  Proc.  biol.  soc.  Washington,  xv,  p. 
44.  March  5,  190*2.  Type. — Heteromys  alleni  Coues. 

Heteromys  alleni  Coues,  p.  164,  becomes  : 

Liomys  alleni  (Coues). 

190*2.  \Liomys\  alleni  Merriam,  Proc.  biol.  soc.  Washington, 
xv,  p.  44.  March  5,  190*2. 

171.  Liomys  canus  Merriam. 

190*2.  Liomys  canus  Merriam,  Proc.  biol.  soc.  Washington, 
xv,  p.  44.  March  5,  190*2. 

Type  locality. —  Parral,  State  of  Chihuahua,  Mexico. 

172.  Liomys  crispus  Merriam. 

1902.  Liomys  crispus  Merriam,  Proc.  biol.  soc.  Washington, 
xv,  p.  49.  March  5,  1902. 

Type  locality. —  Tonala,  State  of  Chiapas,  Mexico. 

173.  Liomys  crispus  setosus  Merriam. 

1902.  Liomys  crispus  setosus  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  49.  March  5,  190*2. 

Type  locality. —  ITuehuetan,  State  of  Chiapas,  Mexico. 

174.  Liomys  heterothrix  Merriam. 

1902.  Liomys  lieterotlirix  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  50.  March  5,  1902. 

Type  locality. —  San  Pedro  Sula,  Honduras. 

175.  Liomys  obscurus  Merriam. 

190*2.  Liomys  obscurus  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  48.  March  5,  1902. 

Type  locality. —  Carrizal,  State  of  Vera  Cruz,  Mexico. 

176.  Liomys  orbitalis  Merriam. 

1902.  Liomys  orbitalis  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  48.  March  5,  1902. 

Type  locality. — Catemaco,  State  of  Vera  Cruz,  Mexico. 

177.  Liomys  phaeura  Merriam. 

1902.  Liomys  phaeura  Merriam,  Proc.  biol.  soc.  Washing 
ton,  xv,  p.  48.  March  5,  1902. 

Type  locality. —  Pinotepa,  State  of  Oaxaca,  Mexico. 
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178.  Liomyspictus  isthmius  Merriam. 

1902.  Liomys  pictus  isthmius  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  46.  March  5,  1902. 

Type  locality. —  Tehuantepec,  State  of  Oaxaca,  Mexico. 

179.  Liomys  pictus  rostratus  Merriam. 

1902.  Liomys  pictus  rostratus  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  46.  March  5,  1902. 

Type  locality. —  Ometepec,  State  of  Guerrero,  Mexico. 

180.  Liomys  plantinarensis  Merriam. 

1902.  Liomys  plantinarensis  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  46.  March  5,  1902. 

Type  locality. —  Plantinar,  State  of  Jalisco,  Mexico. 

181.  Liomys  sonorana  Merriam. 

1902.  Liomys  sonorana  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  47.  March  5,  1902. 

Type  locality. —  Alamos,  State  of  Sonora,  Mexico. 

182.  Liomys  texensis  Merriam. 

1902.  Liomys  texensis  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  44.  March  5,  1902. 

Type  locality. —  Brownsville,  Cameron  County,  Texas. 

183.  Liomys  torridus  Merriam. 

1902.  Liomys  torridus  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  45.  March  5,  1902. 

Type  locality. —  Cuicatlan,  State  of  Oaxaca,  Mexico. 

184.  Liomys  torridus  minor  Merriam. 

1902.  Liomys  torridus  minor  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  45.  March  5,  1902. 

Type  locality. —  Huajuapam,  State  of  Oaxaca,  Mexico. 

185.  Liomys  veraecrucis  Merriam. 

1902.  Liomys  veraecrucis  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  47.  March  5,  1902. 

Type  locality. —  San  Andreas  Tuxtla,  State  of  Vera  Cruz, 
Mexico. 


100  PROCEEDINGS  :  BOSTON  SOCIETY  NATURAL  HISTORY. 


Subfamily  Zapodinae ,  p.  166,  is  now  regarded  as: 

Family  ZAPODIDAE. 

1901.  Zapodidae  Lyon,  Proc.  U.  S.  nat.  mus.,  xxm,  p.  666. 
The  family  Dipodidae  is  thus  eliminated  from  the  North  Ameri¬ 
can  fauna. 


Family  OCTODONTIDAE. 


Genus  LONCHERES  Illiger. 

186.  Loncheres  labilis  Bangs. 

1901.  Loncheres  labilis  Bangs,  Anier.  nat.,  xxxv,  p.  638. 
August,  1901. 

Type  locality. —  San  Miguel  Island,  Panama. 


Genus  PROECHIMYS  Allen. 

187.  Proechimys  burrus  Bangs. 

1901.  Proechimys  burrus  Bangs,  Amer.  nat.,  xxxv,  p.  640. 
August,  1901. 

Type  locality. —  San  Miguel  Island,  Panama. 

188.  Proechimys  centralis  panamensis  Thomas. 

1900.  Proechimys  centralis  panamensis  Thomas,  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  v,  p.  220.  February,  1900. 

Type  locality.  —  City  of  Panama,  Panama. 


Genus  CAPROMYS  Desmarest. 

This  genus  has  been  revised  by  Chapman  (Bull.  Amer.  mus. 
nat.  hist.,  xiv,  p.  313-323,  November  12,  1901).  The  species  are 
arranged  as  follows : 

Capromys  pilorides  (Say). 

Capromys  prehensilis  Poeppig. 
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189.  Capromys  prehensilis  gundlachi  Chapman. 

1901.  Capromys  prehensilis  gundlachi  Chapman,  Bull.  Amer. 

mus.  nat.  hist.,  xiv,  p.  317.  November  12,  1901. 

Type  locality. —  Nueva  Gerona,Isle  of  Pines,  Cuba. 

Capromys  melanurus  Poey. 

Capromys  brownii  Fischer. 

1830.  C\apromys]  brownii  Fischer,  Synopsis  mammalium, 
Addenda,  p.  389  (=  589)  . 

1851.  Capromys  brachyurus  Hill,  in  Gosse,  A  naturalist’s 
sojourn  in  Jamaica,  p.  471. 

1901.  Capromys  brownii  Chapman,  Bull.  Amer.  mus.  nat. 
hist.,  xiv,  p.  320.  November  12,  1901. 

Capromys  thoracatus  (True) . 

1901.  Capromys  thoracatus  Chapman,  Bull.  Amer.  mus.  nat. 
hist.,  xiv,  p.  321.  November  12,  1901. 

Capromys  ingrahami  Allen. 

190.  Capromys  elegans  Latorre. 

1901.  Capromys  elegans  Latorre,  Bol.  de  la  soc.  espahola 
de  hist,  nat.,  Madrid,  i,  p.  372.  December,  1901. 

Type  locality. —  Unknown;  probably  Cuba. 


Family  ERETHIZONTIDAE. 


Genus  COENDOU  Lacepede. 

191.  Coendou  mexicanum  yucataniae  Thomas. 

1902.  Coendou  mexicanus  yucataniae  Thomas,  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  x,  p.  249.  September,  1902. 

Type  locality. —  Yucatan  (probably  near  Izamal). 

192.  Coendou  rothschildi  Thomas. 

1902.  Coendou  rothschildi  Thomas,  Ann.  and  mag.  nat.  hist., 
7th  ser.,  x,  p.  169.  August,  1902. 

Type  locality. —  Sevilla  Island,  off  Chiriqui,  Panama. 
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Family  DASYPROCTIDAE. 


Genus  DASYPROCTA  Illiger. 

193.  Dasyprocta  callida  Bangs. 

1901.  Dasyprocta  callida  Bangs,  Amer.  nat.,  xxxv,  p.  635. 
August,  1901. 

Type  locality. —  San  M  iguel  Island,  Panama. 

194.  Dasyprocta  coibae  Thomas. 

1902.  Dasyprocta  coibae  Thomas,  Novitat.  zoologicae,  ix,  p. 
136.  April  10,  1902. 

Type  locality. —  Coiba  Island,  Panama. 

195.  Dasyprocta  ruatanica  Thomas. 

1901.  Dasyprocta  ruatanica  Thomas,  Ann.  and  mag.  nat. 
hist.,  7th  ser.,  viii,  p.  27*2.  October,  1901. 

Type  locality.  —  Ruatan  Island,  Bay  of  Honduras. 

Genus  AGOUTI  Lacep&de. 

196.  Agouti  paca  virgatus  Bangs. 

1902.  Agouti  paca  virgatus  Bangs,  Bull.  mus.  comp,  zool., 
xxxix,  p.  47.  April,  1902. 

Type  locality.  —  Divala,  Chiriqui,  Panama. 


Family  OCHOTONIDAE. 


Genus  OCHOTONA  Link. 

197.  Ochotona  minimus  (Lord). 

1863.  Lagomys  minimus  Lord,  Proc.  zool.  soc.  London,  1863, 
p.  98. 

1899.  Ochotona  minimus  Bangs,  Proc.  New  England  zool. 
club,  i,  p.  39.  June  5,  1899. 

Type  locality.  —  Summit  of  the  Cascade  Mountains,  British 
Columbia,  Canada.  Altitude,  7000  feet. 
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Family  LEPORIDAE. 

Genus  LEPUS  Lin  naeus. 

198.  Lepus  arcticus  canus  Preble. 

1902.  Lepus  arcticus  canus  Preble,  North  Amer.  fauna,  no. 
22,  p.  59.  October  31,  1902. 

Type  locality.  —  Barren  grounds  near  Hubbart  Point,  about 
75  miles  north  of  Fort  Churchill,  Keewatin,  Canada. 

199.  Lepus  incitatus  Bangs. 

1901.  Lepus  (  Tapeti)  incitatus  Bangs,  Amer.  nat.,  xxxv,  p. 
633.  August,  1901. 

Type  locality.  —  San  Miguel  Island,  Panama. 

200.  Lepus  simplicicanus  Miller. 

1902.  Lepus  simplicicanus  Miller,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  81.  April  25,  1902. 

Type  locality.  —  Brownsville,  Cameron  County,  Texas. 

Order  PINNIPEDIA. 

Family  OTARIIDAE. 

Genus  EUMETOPIAS  Gill. 

Eumetopias  stelleri  (Lesson),  p.  191,  now  stands  as: 
Eumetopias  jubata  (Sclireber). 

1776.  Plioca  jubata  Schreber,  Saugthiere,  hi,  p.  300. 

1902.  Eumetopias  jubata  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  113.  March  15,  1902. 

Type  locality.  —  North  Pacific  Ocean. 


Genus  Callotaria  Palmer,  p.  191.  Thomas  (Proc.  biol.  soc. 
Washington,  xv,  p.  197,  October  10,  1902)  follows  Jordan  and 
Clark  in  substituting  for  this : 

Genus  CALLORHINUS  Grav. 

* 

1859.  Callorhinus  Gray,  Proc.  zool.  soc.  London,  1859,  p. 
359  (same  type  as  that  of  Callotaria) . 
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The  principle  on  which  this  change  is  made  is  still  under  discussion 
(see  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  159,  July  1,  1902, 
and  Thomas,  Proc.  biol.  soc.  Washington,  xv,  p.  54,  June  10,  1902, 
and  p.  197-198,  October  10,  1902). 


Genus  PHOCA  Linnaeus. 

Phoca  largha  Pallas,  p.  194.  According  to  Allen  (Bull.  Amer. 
mus.  nat.  hist.,  xvi,  p.  463-464)  it  is  impossible  to  determine  what 
animal  was  originally  described  under  this  name.  The  American 
seals  of  late  currently  known  as  Plioca  largha  are  now  divided  into 
four  forms : 

201.  Phoca  ochotensis  macrodens  Allen. 

1902.  Phoca  ochotensis  macrodens  Allen,  Bull.  Amer.  mus. 

nat.  hist.,  xvi,  p.  483.  December  12,  1902. 

Type  locality. — Avatcha  Bay,  Kamchatka.  Range  extends 
eastward  to  Point  Barrow,  Alaska. 

202.  Phoca  richardii  (Gray). 

1864.  Halicyon  richardii  Gray,  Proc.  zool.  soc.  London,  1864, 

p.  28. 

1902.  Phoca  richardii  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  491.  December  12,  1902. 

Type  locality. —  Vancouver  Island,  British  Columbia,  Canada. 

203.  Phoca  richardii  geronimensis  Allen. 

1902.  Phoca  richardii  geronimensis  Allen,  Bull.  Amer.  mus. 

nat.  hist.,  xvi,  p.  495.  December  12,  1902. 

Type  locality.  —  San .  Geronimo  Island,  Lower  California, 
Mexico. 

204.  Phoca  richardii  pribilofensis  Allen. 

1902.  Phoca  richardii  pribilofensis  Allen,  Bull.  Amer.  mus. 

nat.  hist.,  xvi,  p.  495.  December  12,  1902. 

Type  locality.  —  Pribilof  Islands,  Bering  Sea. 
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Order  CARNIVORA. 


Family  FELIDAE. 


Genus  FELIS  Linnaeus.  - 

While  the  species  of  this  genus  as  a  whole  have  not  been  revised, 
the  following  groups  have  been  monographically  treated :  jaguars 
by  Mearns  (Proc.  biol.  soc.  Washington,  xiv,  p.  137-143,  August  9. 
1901),  pumas  by  Merriam  (Proc.  Washington  acad.  sci.,  in,  p.  577- 
GOO,  December  11,  1901),  ocelots  by  Mearns  (Proc.  LT.  S.  nat.  mus., 
xxv,  p.  237—249,  September  17,  1902). 

205.  Felis  apache  Mearns. 

1901.  Felis  apache  Mearns,  Proc.  biol.  soc.  Washington,  xiv, 
p.  150.  August  9,  1901. 

Type  locality. —  Matamoras,  State  of  Tamaulipas,  Mexico. 

206.  Felis  bangsi  costaricensis  Merriam. 

1901.  Felis  bangsi  costaricensis  Merriam,  Proc.  Washington 
acad.  sci.,  in,  p.  596.  December  11,  1901. 

Type  locality. —  Boquete,  Chiriqui,  Panama. 

207.  Felis  cacomitli  Berlandier. 

1857.  Felis  cacomitli  Berlandier,  in  Baird,  Report  Mexican 
boundary  survey,  ii,  mammals,  p.  12. 

1902.  Felis  cacomitli  Mearns,  Proc.  U.  S.  nat.  mus.,  xxiv, 
p.  207. 

Type  locality. —  Matamoras,  State  of  Tamaulipas,  Mexico. 

208.  Felis  centralis  Mearns. 

1901.  Felis  centralis  Mearns,  Proc.  biol.  soc.  Washington, 
xiv,  p.  139.  August  9,  1901. 

Type  locality. —  Talamanca,  Costa  Rica. 

Felis  concolor  Linnaeus,  p.  197.  This  animal  is  now  known  to 
be  confined  to  South  America  (see  Merriam,  Proc.  Washington 
acad.  sci.,  m,  p.  593,  December  11,  1901). 
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209.  Felis  costaricensis  Mearns. 

1902.  Felis  costaricensis  Mearns,  Proc.  U.  S.  nat.  mils.,  xxv, 
p.  245.  September  17,  1902. 

Type  locality. —  Talamanca,  Costa  Rica. 

210.  Felis  couguar  Kerr. 

1792.  Felis  couguar  Kerr,  Animal  kingdom,  p.  151. 

1901.  Felis  couguar  Merriam,  Proc.  Washington  acad.  sci., 
hi,  p.  582.  December  11,  1901. 

Type  locality. —  Pennsylvania. 

c 

211.  Felis  fossata  Mearns. 

1901.  Felis  fossata  Mearns,  Proc.  biol.  soc.  Washington, 
xiv,  p.  150.  August  9,  1901. 

Type  locality. —  Merida,  Yucatan. 

212.  Felis  hernandesii  (Gray). 

1857.  Leopardus  hernandesii  Gray,  Proc.  zool.  soc.  London, 
1857,  p.  278. 

1901.  Felis  hernandesii  Mearns,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  141.  August  9,  1901. 

Type  locality. —  Mazatlan,  State  of  Sinaloa,  Mexico. 

213.  Felis  hernandesii  goldmani  Mearns. 

1901.  Felis  hernandesii  goldmani  Mearns,  Proc.  biol.  soc. 
Washington,  xiv,  p.  142.  August  9,  1901. 

Type  locality. —  Yohatlan,  State  of  Campeche,  Mexico. 

214.  Felis  hippolestes  aztecus  Merriam. 

1901.  Felis  hippolestes  aztecus  Merriam,  Proc.  Washington 
acad.  sci.,  in,  p.  592.  December  11,  1901. 

Type  locality. —  Colonia  Garcia,  State  of  Chihuahua,  Mexico. 

215.  Felis  limitis  Mearns. 

1901.  Felis  limitis  Mearns,  Proc.  biol.  soc.  Washington, 
xiv,  p.  146.  August  9,  1901. 

Type  locality. —  Brownsville,  Cameron  County,  Texas. 

Felis  onca  Linnaeus,  p.  198.  This  animal  is  now  known  to  be 

confined  to  South  America,  (see  Mearns,  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  137,  August  9,  1901). 
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Genus  LYNX  Kerr. 

216.  Lynx  uinta  Merriam. 

1902.  Lynx  uinta  Merriam,  Proc.  biol.  soc.  Washington,  xv, 
p.  71.  March  22,  1902. 

Type  locality. —  Bridger  Pass,  south  slope  of  Uinta  Moun¬ 
tains,  Uinta  County,  Wyoming. 


Family  CANID AE. 


Genus  VULPES  Brisson. 

Vulpes  lagopus  Linnaeus,  p.  206,  is  now  known  to  be  restricted 
to  the  Old  World  (see  Merriam,  Proc.  biol.  soc.  Washington,  xv, 
p.  167-168,  August  6,  1902). 

217.  Vulpes  lagopus  innuitus  Merriam. 

1902.  Vulpes  lagopus  innuitus  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  170.  August  6,  1902. 

Type  locality. —  Karogar  River,  Point  Barrow,  arctic  Alaska. 

218.  Vulpes  lagopus  ungava  Merriam. 

1902.  Vulpes  lagopus  ungava  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  170.  August  6,  1902. 

Type  locality. —  Fort  Chimo,  Ungava,  Labrador. 

219.  Vulpes  macrotis  neomexicanus  Merriam. 

1902.  Vulpes  macrotis  neomexicanut  >*  M  ERRIAM,  Proc.  biol. 

soc.  Washington,  xv,  p.  74.  March  22,  1902. 

Type  locality. —  San  Andreas  Range  (about  fifty  miles  north 
of  El  Paso,  Texas)  Donna  Ana  County,  New  Mexico. 

220.  Vulpes  muticus  Merriam. 

1902.  Vulpes  muticus  Merriam,  Proc.  biol.  soc.  Washington, 
xv,  p.  74.  March  22,  1902. 

Type  locality. —  Tracy,  San  Joaquin  Valley,  San  Joaquin 
County,  California. 
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‘221.  Vulpes  pribilofensis  Merriam. 

1902.  Vulpes  pribilofensis  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  171.  August  6,  1902. 

Type  locality.  —  St.  George  Island,  Pribilof  Islands,  Bering 
Sea. 

222.  Vulpes  velox  hebes  Merriam. 

1902.  Vulpes  velox  hebes  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xy,  p.  73.  March  22,  1902. 

Type  locality. —  Calgary,  Alberta,  Canada. 


Family  MUSTELIDAE. 

Genus  Mephitis  Cuvier,  p.  212.  It  has  been  shown  bv  Howell 
(North  Amer.  fauna,  no.  20,  p.  14-15,  August  31,  1901,  and 
Proc.  biol.  soc.  Washington,  xy,  p.  1-9,  February  18,  1902),  that  in 
accordance  with  existing  rules  of  nomenclature  this  name  must  give 
place  to : 

Genus  CHINCHA  Lesson. 

t 

1842.  Chincha  Lesson,  Nouv.  tabl.  r&gne  anim.,  mamm., 
p.  67.  Type- —  Chincha  americana  Lesson  =  Viverra 
mephitis  Schrerer. 

The  validity  of  this  position  is  denied  by  Allen  (Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  325-334,  November  12,  1901,  and  Proc.  biol. 
soc.  Washington,  xy,  p.  59-66,  March  22,  1902).  A  rule  recom¬ 
mended  by  Allen,  Howell,  and  others  (Science,  n.  s.,  xvi,  p.  114- 
115,  July  18,  1902),  but  not  yet  incorporated  in  any  code  of  nomen¬ 
clature,  would,  if  adopted,  result  in  the  retention  of  the  name 
Mephitis  as  commonly  used  prior  to  1901. 

This  genus  has  been  revised  by  Howell  (North  Amer.  fauna,  no. 
20,  August  31,  1901).  The  species  stand  as  follows: 

Subgenus  Chincha. 


Chincha  mephitis  (Schreber). 

1776.  Viverra  mephitis  Schreber,  Saugthiere,  hi,  p.  444. 
1792.  Viverra  mephitica  Shaw,  Museum  Leverianum,  p.  171 
(part). 
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; 

1895.  Mephitis  mephitica  Bangs,  Proc.  Boston  soc.  nat.  hist, 
xxvi,  p.  533.  July  31,  1895. 

1901.  Chincha  mephitis  Howell,  North  Amer.  fauna,  no- 
20,  p.  22.  August  31,  1901. 

Type  locality. —  America. 

According  to  Allen  (Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  333, 
November  12,  1901)  the  proper  name  for  this  animal  is  Mephitis 
mephitica  (Shaw). 

Chincha  hudsonica  (Richardson). 

1901.  Chincha  hudsonica  Howell,  North  Amer.  fauna,  no. 
20,  p.  24.  August  31,  1901. 

223.  Chincha  putida  (Boitard) . 

1842.  Mephitis  putida  Boitard,  Jardin  des  plantes,  mamm,, 
p.  147. 

1901.  Chincha  putida  Howell,  North  Amer.  fauna,  no.  20, 
p.  25.  August  31,  1901. 

Type  locality. —  New  Jersey. 

Chincha  elongata  (Bangs). 

1901.  Chincha  elongata  Howell,  North  Amer.  fauna,  no.  20, 
p.  27.  August  31,  1901. 

Chincha  mesomelas  (Lichtenstein). 

1832.  Mephitis  mesomelas  Lichtenstein,  Darstellung  neuer 
oder  wenig  bekannter  Saugethiere,  pi.  xlv,  fig.  2,  with 
accompanying  text. 

1896.  Mephitis  mephitica  scrutator  Bangs,  Proc.  biol.  soc. 
Washington,  x,  p.  141.  December  28,  1896. 

Type  locality. —  Louisiana. 

Chincha  mesomelas  avia  (Bangs). 

1901.  Chincha  mesomelas  aria  Howell,  North  Amer.  fauna, 
no.  20,  p.  30.  August  31,  1901. 

Chincha  mesomelas  varians  (Gray). 

1837.  Mephitis  varians  Gray,  Charlesworth’s  mag.  nat.  hist., 
i,  p.  581.  November,  1837. 

1854.  Mephitis  macroura  Audubon  and  Bachman,  Quadr. 
N.  Amer.,  iii,  p.  11  (not  of  Lichtenstein). 
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1901.  Chincha  mesomelas  varians  Howell,  North  Amer. 

fauna,  no.  20,  p.  31.  August  31,  1901. 

Type  locality. —  Texas. 

Chincha  estor  (Merriam). 

1901.  Chincha  estor  Howell,  North  Amer.  fauna,  no.  20,  p. 
32.  August  31,  1901. 

Chincha  occidentalis  (Baird). 

1901.  Chincha  occidentalis  Howell,  North  Amer.  fauna,  no. 
20,  p.  34.  August  31,  1901. 

Chincha  occidentalis  spissigrada  (Bangs). 

1898.  Mephitis  spissigrada  Bangs,  Proc.  biol.  soc.  Washing¬ 
ton,  xii,  p.  31.  March  24,  1898. 

1899.  Mephitis  foetulenta  Elliot,  Field  Columbian  mus., 
publication  32,  zool.  ser.,  i,  p.  269.  March,  1899. 

1901.  Chincha  occidentalis  spissigrada  Howell,  North 
Amer.  fauna,  no.  20,  p.  35.  August  31,  1901. 

224.  Chincha  occidentalis  notata  Howell. 

1901.  Chincha  occidentalis  notata  Howell,  North  Amer. 

fauna,  no.  20,  p.  36.  August  31,  1901. 

Type  locality. —  Trout  Lake,  south  base  of  Mount  Adams, 
Skamania  County,  Washington. 

225.  Chincha  occidentalis  major  Howell. 

1901.  Chincha  occidentalis  major  Howell,  North  Amer. 

fauna,  no.  20,  p.  37.  August  31,  1901. 

Type  locality. — Fort  Klamath,  Klamath  County,  Oregon. 
Altitude,  4200  feet. 

Chincha  occidentalis  holzneri  (Mearns). 

1901.  Chincha  occidentalis  holzneri  Howell,  North  Amer. 
fauna,  no.  20,  p.  38.  August  31,  1901. 

226.  Chincha  platyrhina  Howell. 

1901.  Chincha  platyrhina  Howell,  North  Amer.  fauna,  no. 
20,  p.  39.  August  31,  1901. 

Type  locality.-^- South  fork  of  Kern  River,  25  miles  east  of 
Kernville,  Kern  County,  California. 
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Subgenus  Leucomitra  Howell. 

1901.  Leucomitra  Howell,  North  Amer.  fauna,  no.  20,  p.  39. 
August  31,  1901.  Type. — Mephitis  macroura  Lichten¬ 
stein. 

Chincha  macroura  (Lichtenstein). 

1901.  Chincha  macroura  Howell,  North  Amer.  fauna,  no. 
20,  p.  41.  August  31,  1901. 

Chincha  macroura  milleri  (Mearns). 

1901.  Chincha  macroura  milleri  Howell,  North  Amer. 
fauna,  no.  20,  p.  42.  August  31,  1901. 

227.  Chincha  macroura  vittata  (Lichtenstein). 

1832.  Mephitis  vittata  Lichtenstein,  Darstellung  neuer  oder 
wTenig  bekannter  Saugethiere,  pi.  xlvii,  with  accompanying 
•  text. 

1901.  Chincha  macroura  vittata  Howell,  North  Amer.  fauna, 
no.  20,  p.  43.  August  31,  1901. 

Type  locality. —  San  Mateo  del  Mar,  State  of  Oaxaca,  Mex¬ 
ico. 


Genus  Spilogale  Gray,  p.  214.  It  has  been  shown  by  HowTell 
(North  Amer.  fauna,  no.  20,  p.  9-10  and  14,  August  31,  1901,  and 
Proc.  biol.  soc.  Washington,  xv,  p.  1-9,  February  18,  1902)  that 
in  accordance  with  existing  rules  of  nomenclature  this  name  must 
give  place  to : 

Genus  MEPHITIS  Cuvier. 

1800.  Mephitis  Cuvier,  Lemons  d’anat.  comp.,  i,  tabl.  1 
(described  but  not  named  in  1798,  Tabl.  61em.  de  V  hist.  nat. 
des  anim.,  p.  116) .  Type. —  By  elimination,  Viverra  putorius 
Linnaeus. 

The  validity  of  this  position  is  denied  by  Allen  (Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  325-334,  November  12,  1901,  and  Proc. 
biol.  soc.  Washington,  xv,  p.  59-66,  March  22,  1902).  A  rule 
recommended  by  Allen,  Howell,  and  others  (Science,  n.  s.,  xvi,  p. 
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t 

114-115,  July  18,  1902)  but  not  yet  incorporated  in  any  code  of 

nomenclature,  would,  if  adopted,  result  in  the  retention  of  the  name 

tSpilogale  for  this  genus. 

228.  Spilogale  angustifrons  Howell. 

1902.  tSpilogale  angustifrons  Howell,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  242.  December  16,  1902. 

Type  locality. —  Tlalpam,  Federal  District,  Mexico. 

229.  Spilogale  angustifrons  tropicalis  Howell. 

1902.  > Spilogale  angustifrons  tropicalis  Howell,  Proc.  biol. 

soc.  Washington,  xv,  p.  242.  December  16,  1902. 

Type  locality'. —  San  Mateo  del  Mar,  State  of  Oaxaca,  Mex¬ 
ico. 

230.  Spilogale  tenuis  Howell. 

1902.  tSpilogale  tenuis  Howell,  Proc.  biol.  soc.  Washington, 
xv,  p.  241.  December  16,  1902. 

Ti^pe  locality. —  Arkins,  Larimer  County,  Colorado. 


Genus  CONEPATUS  Gray. 


Subgenus  Ory'Ctogale  Merriam. 

1902.  Oryctogale  Merriam,  Proc.  biol.  soc.  Washington,  xv, 
p.  161.  August  6,  1902.  Type.  —  Mephitis  leuconota 
Lichtenstein. 

231.  Conepatus  filipensis  Merriam. 

1902.  Conepatus  filipensis  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  163.  August  6,  1902. 

Type  locality. —  Cerro  San  Felipe,  State  of  Oaxaca,  Mexico. 
Altitude,  10,000  feet. 

232.  Conepatus  leuconotus  (Lichtenstein) . 

1834.  Mephitis  leuconota  Lichtenstein,  Darstellung  neuer 
oder  wenig  bekannter  Saugethiere,  pi.  xliv,  fig.  1. 

1902.  Conepatus  leuconotus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  161.  August  6,  1902. 

Type  locality.' — Upper  waters  of  the  Rio  Alvarado,  State  of 
Vera  Cruz,  Mexico. 
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233.  Conepatus  leuconotus  texensis  Merriam. 

1902.  Conepatus  leuconotus  texensis  Merriam,  Proc.  biol. 
soc.  Washington,  xv,  p.  162.  August  6,  1902. 

Type  locality. —  Brownsville,  Cameron  County,  Texas. 

234.  Conepatus  mesoleucus  (Lichtenstein) . 

1834.  Mephitis  mesoleuca  Lichtenstein,  Darstellung  neuer 
oder  wenig  bekannter  Saugethiere,  pi.  xliv,  fig.  2. 

1902.  [Conepatus']  mesoleucus  Merriam,  Proc.  biol.  soc. 
Washington,  xv,  p.  163.  August  6,  1902. 

Type  locality. —  Chico,  State  of  Vera  Cruz,  Mexico. 

235.  Conepatus  mesoleucus  mearnsi  Merriam. 

1902.  Conepatus  mesoleucus  mearnsi  Merriam,  Proc.  biol. 
soc.  Washington,  xv,  p.  163.  August  6,  1902. 

Type  locality. —  Mason,  Mason  County,  Texas. 

236.  Conepatus  pediculus  Merriam. 

1902.  Conepatus  pediculus  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  164.  August  6,  1902. 

Type  locality. —  Sierra  Guadalupe,  State  of  Coahuila,  Mexico. 

237.  Conepatus  sonoriensis  Merriam. 

1902.  Conepatus  sonoriensis  Merriam,  Proc.  biol.  soC.  Wash¬ 
ington,  xv,  p.  162.  August  6,  1902. 

Type  locality. —  Camoa,  Rio  Mayo,  State  of  Sonora,  Mexico. 

Subgenus  Marputius  Gray. 

1837.  Marputius  Gray,  Mag.  nat.  hist.,  n,  s.,  i,  p.  581. 

1902.  Marputius  Merriam,  Proc.  biol.  soc.  Washington,  xv, 
p.  164.  August  6,  1902. 

Type. —  Mephitis  chilensis  Geoffroy. 

238.  Conepatus  tropicalis  Merriam. 

1902.  Conepatus  tropicalis  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  164.  August  6,  1902. 

Type  locality. — -Motzorongo,  State  of  Vera  Cruz,  Mexico. 
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Genus  Galictis  Bell,  p.  ‘218.  This  name  is  antedated  by: 

Genus  GRISON  Oken. 

1816.  Grison  Oken,  Lehrbuch  der  Zoologie,  n,  p.  1000. 

1902.  Grison  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  377. 
October  11,  1902. 

Type. —  Viverra  vittata  Sciikeber. 

239.  Grison  canaster  (Nelson). 

1901.  Galictis  canaster  Nelson,  Proc.  biol.  soc.  Washington, 
xiy,  p.  129.  August  9,  1901. 

Type  locality. —  Tunkas,  Yucatan. 

For  remarks  see  Nehring  (Sitzungsber.  der  Gesellsch.  naturforsch. 
Freunde  zu  Berlin,  1901,  p.  209—216). 


Subgenus  Galera  Gray,  p.  219.  This  should  stand  as: 

Genus  TAYRA  Oken. 

1816.  Tayra  Oken,  Lehrbuch  der  Zoologie,  ii,  p.  1001. 

1902.  Tayra  Allen,  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  377. 
October  11,  1902. 

Type. —  Mustela  barbara  Linnaeus. 

For  note  on  the  generic  distinctness  of  this  group  see  Thomas 
(Ann.  and  mag.  nat.  hist.,  7th  ser.,  vn,  p.  180,  February,  1901). 


Genus  PUTORIUS  Cuvier. 

240.  Putorius  vison  lacustris  (Preble). 

1902.  Lutreola  vison  lacustris  Preble,  North  Amer.  fauna, 
no.  22,  p.  66.  October  31,  1902. 

Type  locality. —  Echimamish  River,  near  Painted  Stone, 
Keewatin,  Canada. 

241.  Putorius  allegheniensis  Rhoads. 

1901.  Putorius  allegheniensis  Rhoads,  Proc.  acad.  nat.  sci. 

Phila.,  1900,  p.  751.  February  9,  1901. 

Type  locality.-- Beallsville,  Washington  County,  Pennsyl¬ 
vania. 
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242.  Putorius  tropicalis  perdus  Merriam. 

1902.  Putorius  tropicalis  perdus  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  67.  March  22,  1902. 

Type  locality. —  Teapa,  State  of  Tabasco,  Mexico. 


Genus  MUSTELA  Linnaeus. 

This  genus  (except  the  forms  of  M.  pennanti )  has  been  revised 
by  Rhoads  (Proc.  acad.  nat.  sci.  Phila.,  1902,  p.  443-460,  September 
30,  1902).  The  species  treated  stand  as  follows: 

Mustela  americana  Turton. 

Mustela  americana  brumalis  (Bangs). 

1902.  Mustela  americana  brumalis  Rhoads,  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  448.  September  30,  1902. 

Mustela  americana  actuosa  Osgood. 

243.  Mustela  americana  abieticola  Preble. 

1902.  Mustela  americana  abieticola  Preble,  North  Amer. 

fauna,  no.  22,  p.  68.  October  31,  1902. 

Type  locality. —  Cumberland  House,  Saskatchewan,  Canada. 

244.  Mustela  americana  abietinoides  (Gray). 

1865.  \_Martes  americana ]  var.  1,  abietinoides  Gray,  Proc*. 
zool.  soc.  London,  1865,  p.  106. 

1902.  Mustela  americana  abietinoides  Rhoads,  Proc.  acad. 

nat.  sci.  Phila.,  1902,  p.  451.  September  30,  1902. 

Type  locality. —  Rocky  Mountains.  Assumed  by  Rhoads  to 
be  in  “the  edge  of  the  humid  western  slope  of  the  Rocky 
Mountains  somewhere  between  Kicking  Horse  Pass  and  the 
Columbia  River.” 

Mustela  atrata  Bangs. 

245.  Mustela  nesophila  Osgood. 

1901.  Mustela  nesophila  Osgood,  North  Amer.  fauna,  no.  21, 
p.  33.  September  26,  1901.  * 

Type  locality. —  Massett,  Graham  Island,  Queen  Charlotte 
Islands,  British  Columbia,  Canada. 

Not  mentioned  by  Rhoads. 

Mustela  caurina  Merriam. 
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246.  Mustela  caurina  origenes  Rhoads. 

1902.  Mustela  caurina  origenes  Rhoads,  Proc.  acad.  nat. 

sci.  Phila.,  1902,  p.  458.  September  30,  1902. 

Type  locality. —  Marvine  Mountain,  Garfield  County,  Colo¬ 
rado. 


Family  PROCYONIDAE. 


Genus  POTOS  Cuvier  and  Geoffroy.  < 

This  genus  has  been  revised  by  Thomas  (Ann.  and  mag.  nat.  hist. 
7th  ser.,  ix,  p.  266-270,  April,  1902).  The  forms  which  occur, 
north  of  South  America  are  : 

247.  Potos  flavus  aztecus  Thomas. 

t 

1902.  Potos  flavus  aztecus  Thomas,  Ann.  and  mag.  nat.  hist., 
7th  ser.,  ix,  p.  266.  April,  1902. 

Type  locality.— Atoyac,  State  of  Vera  Cruz,  Mexico. 

248.  Potos  flavus  megalotus  (Martin). 

1836.  Cercoleptes  megalotns  Martin,  Proc.  zool.  soc.  London, 
1836,  p.  82. 

1902.  Potos  flavus  megalotus  Thomas,  Ann.  and  mag.  nat. 

hist.,  7th  ser.,  viii,  p.  266.  April,  1902. 

Type  locality. — Unknown.  The  range  of  the  animal  includes 
Costa  Rica  and  northern  Colombia. 


Genus  NASUA  Storr. 

249.  Nasua  narica  molaris  Merriam. 

1902.  Nasua  narica  molaris  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  68.  March  22,  1902. 

Type  locality. —  Manzanillo,  State  of  Colima,  Mexico. 

250.  Nasua  nelsoni  Merriam. 

1901.  Nasua  nelsoni  Merriam,  Proc.  biol.  soc.  Washington, 
xiv,  p.  100.  July  19,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 
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251. 


Nasua  thersites  Thomas. 

1901.  Nasua  thersites  Thomas,  Ann.  and  mag.  nat.  hist.,  7th 
ser.,  viii,  p.  271.  October,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 


Genus  PROCYON  Storr. 

252.  Procyon  pygmaeus  Merriam. 

1901.  Procyon  pygmaeus  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  101.  July  19,  1901. 

Type  locality. —  Cozumel  Island,  Yucatan. 


Family  URSIDAE. 


Genus  URSUS  Linnaeus. 

253.  Ursus  carlottae  Osgood. 

1901.  Ursus  ( Euarctos )  carlottae  Osgood,  North  Amer. 
fauna,  no.  21,  p.  30.  September  26,  1901. 

Type  locality. —  Massett,  Graham  Island,  Queen  Charlotte 
Islands,  British  Columbia,  Canada. 

254.  Ursus  dalli  gyas  Merriam. 

1902.  Ursus  dalli  gyas  Merriam,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  78.  March  22,  1902. 

Tyfpe  locality. —  Pavlof  Bay,  Alaska  Peninsula,  Alaska. 

255.  Ursus  kidderi  Merriam. 

1902.  Ursus  kidderi  Merriam,  Proc.  biol.  soc.  Washington, 

xv,  p.  78.  March  22,  1902. 

Type  locality. —  Chinitna  Bay,  Cook  Inlet,  Alaska. 

256.  Ursus  merriami  Allen. 

1902.  Ursus  merriami  Allen,  Bull.  Amer.  mus.  nat.  hist., 

xvi,  p.  141.  April  12,  1902. 

Type  locality. —  Portage  Bay,  opposite  Port  Muller,  Alaska 
Peninsula,  Alaska. 

According  to  J.  A.  Allen  (Bull.  Amer.  mus.  nat.  hist.,  xiv,  p. 
227,  July  12,  1902),  this  is  probably  the  same  as  Ursus  dalli  gyas. 
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Order  INSECTIVORA. 


Family  SORICIDAE. 


Genus  SOREX  Linnaeus. 

257.  Sorex  longicauda  elassodon  Osgood. 

1901.  Sorex  longicauda  elassodon  Osgood,  North  Amer. 
fauna,  no.  21,  p.  35.  September  26,  1901. 

Type  locality. —  Cumshewa  Inlet,  Moresby  Island,  Queen 
Charlotte  Islands,  British  Columbia,  Canada. 

258.  Sorex  longicauda  prevostensis  Osgood. 

1901.  Sorex  longicauda  prevostensis  Osgood,  North  Amer. 
fauna,  no.  21,  p.  35.  September  26,  1901. 

Type  locality. —  Prevost  Island,  Queen  Charlotte  Islands, 
British  Columbia,  Canada. 

259.  Sorex  tenellus  lyelli  Merriam. 

1902.  Sorex  tenellus  lyelli  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  75.  March  22,  1902. 

Type  locality. —  Mt.  Lyell,  Tuolumne  County,  California. 

260.  Sorex  tenellus  myops  Merriam. 

1902.  Sorex  tenellus  myops  Merriam,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  76.  March  22,  1902. 

Type  locality. —  White  Mountains,  Mono  County,  California. 

Subgenus  Microsorex  Coues,  p.  242,  is  regarded  as  a  genus  by 

Elliot  (Field  Columbian  mus.,  publication  45,  zool.  ser.,  ii,  p.  377, 

March,  1901),  but  retained  as  a  subgenus  by  Osgood  (North 

Amer.  fauna,  no.  21,  p.  71,  September  26,  1901)  and  Preble  (North 

Amer.  fauna,  no.  22,  p.  72,  October  31,  1902). 

261.  Sorex  alnorum  Preble. 

1902.  Sorex  ( Microsorex )  alnorum  Preble,  North  Amer. 
fauna,  no.  22,  p.  72.  October  31,  1902. 

Type  locality. —  Robinson  Portage,  Keewatin,  Canada. 
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262.  Sorex  eximius  Osgood. 


1901.  Sorex  (. Microsorex )  eximius  Osgood,  North  Amer. 

fauna,  no.  21,  p.  71.  September  26,  1901. 

Type  locality. —  Tyonek,  Cook  Inlet,  Alaska. 


Genus  NEOSOREX  Baird. 

Subgenus  Neosorex  Baird,  p.  242,  is  treated  as  a  genus  by 
Elliot  (Field  Columbian  mus.,  publication  45,  zool.  ser.,  n,  p.  378, 
March,  1901),  and  Preble  (North  Amer.  fauna,  no.  22,  p.  71, 
October  31,  1902).  The  species  now  stand  as  follows: 

Neosorex  palustris  (Richardson). 

1901.  [Neosorex]  palustris  Elliot,  Field  Columbian  mus., 
publication  45,  zool.  ser.,  n,  p.  378.  March,  1901. 

Neosorex  palustris  navigator  (Baird). 

1901.  [Neosorex  palustris]  a.  navigator  Elliot,  Field  Colum¬ 
bian  mus.,  publication  45,  zool.  ser.,  ii,  p.  379.  March,  1901. 

Neosorex  palustris  alaskanus  (Merriam). 

1901.  [Neosorex  palustris ]  b.  alaskanus  Elliot,  Field 
Columbian  mus.,  publication  45,  zool.  ser.,  ii,  p.  379.  March, 
1901. 

Neosorex  albibarbis  Cope. 

1901.  [Neosorex]  albibarbis  Elliot,  Field  Columbian  mus., 
publication  45,  zool.  ser.,  ii,  p.  379.  March,  1901. 

Neosorex  hydrodromus  (Dobson). 

1901.  [Neosorex]  hydrodomus  (sic)  Elliot,  Field  Columbian 
mus.,  publication  45,  zool.  ser.,  ii,  p.  379.  March,  1901. 


Genus  ATOPHYRAX  Men  •iam. 

Subgenus  Atophyrax  Merriam,  p.  243,  is  treated  as  a  genus  by 
Elliot  (Field  Columbian  mus.,  publication  45,  zool.  ser.,  n,  p.  380, 
March,  1901).  The  recognized  forms  are  : 

Atophyrax  bendirii  Merriam. 

1901.  [Atophyrax J  bendirii  Elliot,  Field  Columbian  mus., 
publication  45,  zool.  ser.,  n,  p.  381.  March,  1901. 
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Atophyrax  bendirii  palmeri  (Merriam). 

1901.  [Atophyrax  bendirii]  a.  palmeri  Elliot,  Field  Colum¬ 
bian  mus.,  publication  45,zool.  ser.,  n,  p.  381.  March,  1901. 

Atophyrax  bendirii  albiventer  (Merriam). 

1901.  [. Atophyrax  bendirii]  b.  albiventer  Elliot,  Field 
Columbian  mus.,  publication  45,  zool.  ser.,  ii,  p.  381. 
March,  1901. 

Genus  BLARINA  Gray. 

263.  Blarina  brevicauda  aloga  Bangs. 

1902.  Blarina  brevicauda  aloga  Bangs,  Proc.  New  England 
zool.  club,  in,  p.  76.  March  31,  1902. 

Type  locality.  —  West  Tisbury,  Martha’s  Vineyard,  Massa¬ 
chusetts. 

264.  Blarina  brevicauda  compacta  Bangs. 

1902.  Blarina  brevicauda  compacta  Bangs,  Proc.  New  Eng¬ 
land  zool.  club,  hi,  p.  77.  March  31,  1902. 

Type  locality. —  Nantucket,  Nantucket  Island,  Massachusetts. 

265.  Blarina  brevicauda  talpoides  (Gapper). 

1830.  iSorex  talpoides  Gapper,  Zool.  journ.,  v,  p.  202. 

1902.  Blarina  brevicauda  talpoides  Bangs,  Proc.  New  Eng¬ 
land  zool.  club,  in,  p.  75.  March  31,  1902. 

Type  locality.  —  Between  York  and  Lake  Simcoe,  Ontario, 
Canada. 

266.  Blarina  mayensis  Merriam. 

1901.  Blarina  mayensis  Merriam,  Proc.  Washington  acad. 
sci.,  in,  p.  559.  November  29,  1901. 

Type  locality. —  Maya  ruin  at  Chichen-Itza,  Yucatan. 
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Order  CHIROPTERA. 

Family  VESPERTILIONIDAE. 

*/ 


Subfamily  Yespertilioninae. 

Genus  MYOTIS  Kaup. 

267.  My otis  calif ornicus  jaliscensis  Menegaux. 

1901.  My  otis  calif ornicus  jaliscensis,  Menegaux,  Bull.  mus. 
d’hist.  nat.,  Paris,  1901.  p.  321. 

Type  locality".  — Vicinity  of  Lake  Zacoalco,  State  of  Jalisco, 
Mexico. 

268.  Myotis  dominicensis  Miller. 

1902.  Myotis  dominicensis  Miller,  Proc.  biol.  soc.  Wash¬ 
ington,  x\",  p.  243.  December  16,  1902. 

Type  locality". —  Island  of  Dominica,  West  Indies. 

269.  Myotis  incautus  (J.  A.  Allen). 

1896.  Vespertilio  incautus  J.  A.  Allen,  Bull.  Amer.  mus. 
nat.  hist.,  viii,  p.  239.  November  21,  1896. 

1902.  Myotis  incautus  Miller,  Proc.  biol.  soc.  Washington, 
xv,  p.  155.  June  20,  1902. 

Ty"pe  locality. — San  Antonio,  Bexar  County,  Texas. 

270.  Myotis  vivesi  Menegaux. 

1901.  Myotis  vivesi  Menegaux,  Bull.  mus.  d’hist.  nat.,  Paris, 
1901,  p.  323. 

Ty"pe  locality.—  Cardonal  Island,  Archipelago  of  Salsi  Puedes, 
off  east  coast  of  Lower  California,  Mexico. 


Genus  PIPISTRELLUS  Kaup. 

271.  Pipistrellus  cinnamomeus  Miller. 

1902.  Pipistrellus  cinnamomeus  Miller,  Proc.  acad.  nat.  sci. 

Pliila.,  1902,  p.  390.  September  12,  1902. 

Type  locality".  —  Montechristo,  State  of  Tabasco,  Mexico. 
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Genus  Eptesicus  Rafinesque,  p.  260.  This  has  been  shown  to  be 
indistinguishable  from : 

'  Genus  VESPERTILIO  Linnaeus. 

1758.  Vesper tilio  Linnaeus,  Syst.  nat.,  x  ed.,  i,  p.  31. 

1901.  Vespertilio  Thomas,  Ann.  and  mag.  nat.  hist.,  7th  ser., 
vii,  p.  462.  May,  1901. 

Type. —  Vespertilio  murinus  Linnaeus. 

272.  Vespertilio  fuscus  bernardinus  (Rhoads). 

1902.  Eptesicus  fuscus  bernardinus  Rhoads,  Proc.  acad.  nat. 
sci.  Phila.,  1901,  p.  619.  February  6,  1902. 

Type  locality. —  San  Bernardino  Valley,  near  San  Bernar¬ 
dino,  San  Bernardino  Countjq  California. 

273.  Vespertilio  fuscus  osceola  (Rhoads). 

1902.  Eptesicus  fuscus  osceola  Rhoads,  Proc.  acad.  nat.  sci. 

Phila.,  1901,  p.  618.  February  6,  1902. 

Type  locality. —  Tarpon  Springs,  Hillsboro  County,  Florida. 

Genus  DASYPTERUS  Peters. 

274.  Dasypterus  ega  panamensis  Thomas. 

1901.  Dasypterus  ega  panamensis  Thomas,  Ann.  and  mag. 
nat.  hist.,  7th  ser.,  viii,  p.  246.  September,  1901. 

Type  locality. —  Bogaba,  Chiriqui,  Panama.  Altitude,  about 
1000  feet. 

275.  Dasypterus  floridanus  Miller. 

1902.  Dasypterus  floridanus  Miller,  Proc.  acad.  nat.  sci. 
Phila.,  1902,  p.  392.  September  12,  1902. 

Type  locality. —  Lake  Kissimmee,  Osceola  County,  Florida. 


Subfamily  Antrozoinae. 

Genus  ANTROZOUS  H.  Allen. 

276.  Antrozous  minor  Miller. 

1902.  Antrozous  minor  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  389.  September  12,  1902. 

Type  locality.  —  Comondu,  Lower  California,  Mexico. 
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Subfamily  Molossinae ,  p.  270.  This  is  now  recognized  as: 

Family  MOLOSSIDAE. 

1902.  Molossidae  Miller,  Proc.  acad.  nat.  sci.  Phila.,  1902,  p. 
393.  September  12,  1902. 


Genus  MOLOSSUS  E.  Geoffroy. 

t 

277.  Molossus  nigricans  Miller. 

1902.  Molossus  nigricans  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  395.  September  12,  1902. 

Type  locality. —  Acaponeta,  Territory  of  Tepic,  Mexico. 


Genus  PROMOPS  Gervais. 

278.  Promops  glaucinus  (Wagner). 

1843.  Dgsopes  glaucinus  Wagner,  Wiegmann’s  Arch.  f. 
Naturg.,  ix,  pt.  1,  p.  368. 

1900.  P\romops\  glaucinus  Miller,  Ann.  and  mag.  nat. 

hist.,  7th  ser.,  vi,  p.  470.  November,  1900. 

Tytpe  locality. —  Cuyaba,  Matto  Grosso,  Brazil. 

Omitted  by  True,  but  recorded  from  Jamaica  and  Cuba  by 
Dobson  (Catal.  Chiropt.  Brit,  mus.,  p.  418,  1878)  and  from  Central 
America  by  Miller  (Proc.  biol.  soc.  Washington,  xv,  p.  250, 
December  16,  1902). 

Nyctinomus  orthotis  H.  Allen,  p.  373,  now  stands  as: 

Promops  orthotis  (H.  Allen). 

1902.  Promops  orthotis  Miller,  Proc.  biol.  soc.  Washington, 
xv,  p.  250.  December  16,  1902. 


Genus  NYCTINOMOPS  Miller. 

1902.  Ngctinornops  Miller,  Proc.  acad.  nat.  sci.  Phila.,  1902, 
p.  393.  September  12,  1902.  Type. — Nyctinomus  femoro- 
saccus  Merriam. 
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Nyctinomus  depressus  Ward,  p.  272,  N  femorosaccus  Merriam, 
p.  272,  N  gracilis  (Wagner),  p.  272,  and  N  macrotis  Gray,  p. 
272,  now  stand  respectively  as: 

Nyctinomops  depressus  (Ward). 

1902.  N\_yctinomops\  depressus  Milled,  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  393.  September  12,  1902. 

Nyctinomops  femorosaccus  (Merriam). 

1902.  Nyctinomops  femorosaccus  Miller,  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  393.  September  12,  1902. 

Nyctinomops  gracilis  (Wagner). 

Nyctinomops  macrotis  (Gray). 

1902.  N[yctinomops~]  macrotis  Miller,  Proc.  acad.  nat.  sci. 
Phila.,  1902,  p.  393.  September  12,  1902. 

279.  Nyctinomops  yucatanicus  Miller. 

1902.  Nyctinomops  yucatanicus  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  393.  September  12,  1902. 

Type  locality. —  Chichen-Itza,  Yucatan. 


Genus  NYCTINOMUS  E.  Geoffroy. 

280.  Nyctinomus  antillularum  Miller. 

1902.  Nyctinomus  antillularum  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  398.  September  12,  1902. 

Type  locality. —  Roseau,  Dominica,  West  Indies. 

281.  Nyctinomus  bahamensis  Rehn. 

1902.  Nyctinomus  bahamensis  Rehn,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  641.  December  12,  1902. 

Type  locality.  —  Governor’s  Harbor,  Eleuthera  Island, 
Bahamas. 

282.  Nyctinomus  musculus  Gundlach. 

1861.  Nyctinomus  musculus  Gundlacii,  Monatsber.  k.  preuss. 

Akad.  Wissensch.,  Berlin,  1861,  p.  149. 

1902.  Nyctinomus  musculus  Miller,  Proc.  biol.  soc.  Wash¬ 
ington,  xv,  p.  248.  December  16,  1902. 

Type  locality. —  Cuba. 
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Nyctinomus  nevadensis  (II.  Allen),  p.  273,  has  been  shown  to  be 
the  same  as  Nyctinomops  depressus  (Ward).  See  Miller  (Proc. 
biol.  soc.  Washington,  x\r,  p.  250,  December  16,  1902). 


Family  NATALIDAE. 
« / 


Genus  NATALUS  Gray. 

2183.  Natalus  major  Miller. 

1902.  Natalus  major  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  398.  September  12,  1902. 

Type  locality^.— Near  Savaneta,  San  Domingo,  ,  West 
Indies. 

.284.  Natalus  mexicanus  Miller. 

1902.  Natalus  mexicanus  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  399.  September  12,  1902. 

Type  locality. —  Santa  Anita,  Lower  California,  Mexico. 

Family  PHYLLOSTOMAT IDAE. 

Subfamily  Chiton  ycterinae,  p.  275.  This  stands  as: 

Subfamily  Mormoopixae. 

1901.  Mormoopinae  Reiix,  Proc.  acad.  nat.  sci.  Phila.,  1901, 
p.  297.  June  8,  1901. 


Genus  CHILONYCTERIS  Gray. 


285.  Chilonycteris  boothi  Gundlach. 

1861.  Chilonycteris  boothi  Guxdlach,  Monatsber.  k.  preuss. 

Akad.  Wissensch.,  Berlin,  1861,  p.  154. 

1902.  Chilonycteris  boothi  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  401.  September  12,  1902. 

TirPE  locality.  —  Fun  ador,  Cuba. 
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286.  Chilonycteris  mexicana  Miller. 

1902.  Chilonycteris  mexicana  Miller,  Proc.  acad;  nat.  sci. 

Phila.,  1902,  p.  401.  September  12,  1902. 

Type  locality.  —  San  Bias,  Territory  of  Tepic,  Mexico. 

287.  Chilonycteris  portoricensis  Miller. 

1902.  Chilonycteris  portoricensis  Miller,  Proc.  acad.  nat. 

sci.  Phila.,  1902,  p.  400.  September  12,  1902. 

Type  locality.  —  Cave  near  Pueblo  Viejo,  Porto  Rico,  West 
Indies. 

288.  Chilonycteris  psilotis  Dobson. 

1878.  Chilonycteris  psilotis  Dobson,  Catal.  Ohiropt.  Brit, 
mas.,  p.  451. 

1902.  Chilonycteris  psilotis  Miller,  Proc.  biol.  soc.  Wash¬ 
ington,  xy,  p.  249.  December  16,  1902. 

Type  locality.  —  Unknown;  the  second  record  was  based 
on  a  specimen  from  the  Isthmus  of  Tehuantepec,  Mexico. 

Genus  Pteronotus  Gray,  p.  276.  As  this  name  is  preoccupied  by 
Pteronotus  Rafmesque,  it  has  been  changed  to : 

Genus  DERMONOTUS  Gill. 

1901.  Dermonotus  Gill,  Proc.  biol.  soc.  Washington,  xiv, 
p.  177.  September  25,  1901. 

The  species  are  as  follows : 

Dermonotus  davyi  (Gray). 

1902.  P[erni07iotas~]  davyi  Miller,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  155.  June  20,  1902. 

Dermonotus  fulvus  (Thomas). 

1902.  D[ermonotus~\  fulvus  Miller,  Proc.  biol.  soc.  Washing¬ 
ton,  xv,  p.  155.  June  20,  1902. 

Genus  MORMOOPS  Leach. 

This  genus  has  been  revised  by  Rehn  (Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  160-172,  June  11,  1902).  The  North  American  forms 
stand  as  follows  : 

Mormoops  blainvillii  Leach. 
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289.  Mormoops  blainvillii  cinnamomea  (Gundlach). 

1840.  L[_obostoma]  cinnamomeum  Gundlach,  Wiegmann’s 
Arch.  f.  Naturg.,  vi,  pt.  1,  p.  357. 

1902.  Mormoops  blainvillii  cinnamomea  Rehn,  Proc.  acad. 

nat.  sci.  Phila.,  1902,  p.  165.  June  11,  1902. 

Type  locality.  —  Cafetal  San  Antonio  el  Fundador,  Cuba. 

Mormoops  megalophylla  Peters. 

290.  Mormoops  megalophylla  senicula  Rehn. 

1902.  Mormoops  megalophylla  senicula  Rehn,  Proc.  acad. 

nat.  sci.  Phila.,  1902,  p.  169.  June  11,  1902. 

Type  locality.  —  Fort  Clark,  Kinney  Count}7,  Texas. 


Subfamily  Piiyllostotaminae. 

Genus  TONATIA  Gray. 

1827.  Tonatia  Gray,  Griffith’s  Cuvier,  Animal  kingdom,  v, 
p.  71,  footnote.  Type. —  T Tampyrus  bidens  Spix. 

291.  Tonatia  amblyotis  (Wagner). 

1843.  Phyllostoma  amblyotis  Wagner,  Wiegmann’s  Arch, 
f.  Naturg.,  ix,  pt.  1,  p.  365. 

1902.  Tonatia  amblyotis  Thomas,  Ann.  and  mag.  nat.  hist., 
7th  ser.,  x,  p.  54.  July,  1902. 

Type  locality.  — Matto  Grosso,  Brazil. 

Recorded  by  Thomas  from  Bogaba,  Chiriqui,  Panama. 


Genus  HEMIDERMA  Gervais. 

Ilemiderma  brevicaudum  (Wied),  p.  283,  becomes  : 

Hemiderma  perspicillatum  (Linnaeus). 

1758.  [  Vespertilio~\  perspicillatum  Linnaeus,  Syst.  nat.,  x 

ed.,  i,  p.  31. 

1901.  Ilemiderma  perspicillatum  Thomas,  Ann.  and  mag.  nat. 

hist.,  7th  ser.,  vm,  p.  192.  September,  1901. 

Type  locality.  —  Unknown. 
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Subfamily  Glossopiiaginae. 


Genus  GLOSSOPHAGA  E.  Geoffroy. 

292.  Glossophaga  soricina  antillarum  Rehn. 

1902.  Glossophaga  soricina  antillarum  Rehn,  Proc.  acad. 

nat.  sci.  Phila.,  1902,  p.  37.  April  23,  1902. 

Type  locality. —  Port  Antonio,  Jamaica,  West  Indies. 


Genus  MONOPHYLLUS  Leach. 

293.  Monophyllus  cubanus  Miller. 

1902.  Monophyllus  cubanus  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  410.  September  12,  1902. 

Ta^pe  locality. —  Baracoa,  eastern  Cuba. 

294.  Monophyllus  luciae  Miller. 

1902.  Monophyllus  luciae  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  411.  September  12,  1902. 

Type  locality. —  Island  of  Santa  Lucia,  West  Indies. 

Genus  BRACHYPHYLLA  Gray. 

295.  Brachyphylla  nana  Miller. 

1902.  Brachyphylla  nana  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  409.  September  12,  1902. 

Type  locality. —  El  Guama,  Cuba. 


Subfamily  Stenodermatinae. 


Genus  ARTIBEUS  L  each. 

Dermanura  era  Cope,  p.  290.  This  stands  as  : 

Artibeus  eva  (Cope). 

1901.  Artibeus  eva  Reiin,  Proc.  acad.  nat.  sci.  Phila.,  1900, 
p.  758.  February  9,  1901. 


MILLER  AND  REHN:  NORTH  AMERICAN  MAMMALS.  129 


Artibeus  per  spicillatus  (Linnaeus),  p.  289,  becomes: 

Artibeus  jamaicensis  Leach. 

1822.  Artibeus  jamaicensis  Leach,  Trans.  Linn.  soc.  London, 
xiii,  p.  75. 

1901.  Artibeus  jamaicensis  Thomas,  Ann.  and  mag.  nat. 
hist.,  7th  sei\,  viii,  p.  192.  September,  1901. 

T\rPE  locality. —  Jamaica,  West  Indies. 

296.  Artibeus  parvipes  Rehn. 

1902.  Artibeus  parvipes  Rehn,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  689.  December  12,  1902. 

Tatpe  locality. —  Santiago  de  Cuba,  Cuba. 

Uroderma  planirostre  (Spix),  p.  298.  This  becomes  : 

Artibeus  planirostris  (Spix). 

1901.  \^Artibeus\  planirostris  Rehn,  Proc.  acad.  nat.  sci. 
Phila.,  1900,  p.  757.  February  9,  1901. 

297.  Artibeus  watsoni  Thomas. 

1901.  Artibeus  watsoni  Thomas,  Ann.  and  mag.  nat.  hist., 
7th  ser.,  vn,  p.  542.  June,  1901. 

Type  locality. —  Bogaba,  Chiriqui,  Panama.  Altitude,  about 
1000  feet. 


Genus  URODERMA  Peters. 

298.  Uroderma  convexum  Lyon. 

1902.  Uroderma  convexum  Lyon,  Proc.  biol.  soc.  Washing¬ 
ton,  xy,  p.  83.  April  25,  1902. 

Type  locality. —  Colon,  Panama. 

Genus  DERMANURA  Gervais. 

299.  Dermanura  phaeotis  Miller. 

1902.  Dermariura  phaeotis  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  405.  September  12,  1902. 

Type  locality. —  Chiclien-Itza,  Yucatan. 

300.  Dermanura  tolteca  (Saussure). 

1860.  St[enoderma]  tolteca  Saussure,  Revue  et  magasin  de 
zoologie,  2d  ser.,  xii,  p.  427. 
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1902.  D[ermanura]  tolteca  Miller,  Proc.  acad.  nat.  sci. 

Phila.,  1902,  p.  404.  September  12,  1902. 

Type  locality. —  Mexico. 


Genus  VAMPYROPS  Peters. 

301.  Vampyrops  helleri  Peters. 

1866.  Vampyrops  lielleri  Peters,  Monatsber.  k.  preuss. 

Akad.  Wissensch.,  Berlin,  1866,  p.  392. 

1901.  Vampyrops  helleri  Bangs,  Amer.  nat.,  xxxy,  p.  664. 

August,  1901. 

Type  locality. —  Mexico. 

Recorded  by  Bangs  from  San  Miguel  Island,  Panama  (Amer. 
nat.,  xxxv,  p.  644,  August,  1901),  and  from  Chiriqui,  Panama 
(Bull.  mus.  comp,  zool.,  xxxix,  p.  50,  April,  1902). 


Genus  STENODERMA  E.  Geoffroy. 


302.  Stenoderma  luciae  Miller. 

1902.  Stenoderma  luciae  Miller,  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  407.  September  12,  1902. 

Type  locality. —  Island  of  Santa  Lucia,  West  Indies. 


Subfamily  Centurioninae. 

1901.  Centurioninae  Rehn,  Proc.  acad.  nat.  sci.  Phila.,  1901, 
p.  296.  June  8,  1901. 


Genus  CENTURIO  Gray. 

This  genus  has  been  revised  by  Rehn  (Proc.  acad.  nat.  sci.  Phila., 
1901,  p.  295-302,  June  8,  1901).  The  species  stands  as  follows: 

Centurio  senex  Gray. 

1861.  C\enturio'\  mcmurtrii  H.  Allen,  Proc.  acad.  nat.  sci. 
Phila.,  1861,  p.  360. 
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1891.  Centurio  minor  Ward,  Amer.  nat.,  xxv,  p.  750. 
August,  1891. 

1901.  Centurio  senex  Rehn,  Proc.  acad.  nat.  sci.  Phila.,  1901, 
p.  297.  June  8,  1901. 


Order  PRIMATES. 

Family  CEBIDAE. 

Genus  ALOUATTA  Lacep&de. 

303.  Alouatta  palliata  coibensis  Thomas. 

1902.  Alouatta  palliata  coibensis  Thomas,  Novitat.  zool 
ogicae,  ix,  p.  135.  April  10,  1902. 

Type  locality. —  Coiba  Island,  Panama. 

304.  Alouatta  palliata  mexicana  Merriam. 

1902.  Alouatta  palliata  mexicana  Merriam,  Proc.  biol.  soc. 

Washington,  xv,  p.  67.  March  22,  1902. 

Type  locality. —  Minatitlan,  State  of  Yera  Cruz,  Mexico. 
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BIBLIOGRAPHY. 

Allen,  Glover  M.  The  Louisiana  deer.  Amer.  nat.,  xxxv,  p.  449-454. 
text  fig.  1-8.  June,  1901. 

Oclocoelus  virginianus  louisianae  subsp.  nov.  The  generic  name  Odocoi- 
leus  is  altered  to  Odocoelus ,  and  the  specific  name  americanus  Erxleben  is 
rejected  in  favor  of  virginianus  Boddaert. 

Allen,  J.  A.  The  musk  oxen  of  arctic  America  and  Greenland.  Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  69-86,  pi.  xii-xvi,  text  fig.  1-7.  March  27(=30),  1901. 

Detailed  comparison  of  Ovibos  wardi  and  0.  moschatus.  Notes  on  the 
distribution  of  the  two  animals.  The  name  Ovibos  pearyi  Allen  MS, 
cited  (p.  70)  “as  a  provisional  synonym  ”  that  may  be  applied  to  the  form 
occurring  in  Grinnell  Land  if  this  proves  to  be  distinct  from  0.  wardi. 

Allen,  J.  A.  Description  of  a  new  caribou  from  Kenai  Peninsula,  Alaska. 
Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  143-148,  text  fig.  1-4.  May  28,  1901. 

Rang  if er  stonei. 

Allen,  J.  A.  A  preliminary  study  of  the  North  American  opossums  of  the 
genus  Bidelphis.  Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  149-188,  pi.  xxn-xxv. 
June  15,  1901. 

Contents:  introduction  (p.  149),  skull  and  dentition  (p.  152),  sexual 
variation  (p.  153),  variation  due  to  age,  etc.  (p.  155),  nasal  bones  (p.  157), 
supernumerary  teeth,  and  other  abnormalities  (p.  158),  changes  in  color 
of  the  ears  with  age  (p.  159),  nomenclature  (p.  159),  synopsis  of  species 
and  subspecies  (p.  160),  postscript  (p.  179),  tables  of  measurements  and 
ratios  (p.  180).  The  following  forms  are  recognized:  Bidelphis  virginiana 
Kerr,  I).  v.  pigra  Bangs,  B.  marsupialis  Linnaeus,  D.  m.  texensis  subsp. 
nov.,  B.  in.  tabascensis  subsp.  nov.,  B.  richmondi  sp.  nov.,  B.  yucalanensis 
sp.  nov.  The  name  Bidelphis  nelsoni  occurs  as  a  nomen  nudum  on  page 
160  (footnote). 

Allen,  J.  A.  The  generic  names  Myrmecophaga  and  Tamandua ,  and  the  spec¬ 
ific  names  of  the  opossums  of  the  genus  Bidelphis.  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  91-93.  June  19,  1901. 

The  great  anteater  should  be  known  as  Myrmecophaga  tridactyla ,  Tam- 
anduas  should  replace  Tamandua  and  TJroleptes ,  and  the  name  Bidelphis 
marsupialis  should  be  restricted  to  the  large  opossum  of  Mexico,  leaving 
B.  virginiana  for  the  animal  of  the  eastern  United  States. 

Allen,  J.  A.  Descriptions  of  two  new  opossums  of  the  genus  Metachirus. 
Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  213-218.  July  3,  1901. 

Metachirus  fuscogriseus  pallidus  and  M.  grisescens ,  the  latter  from  Colom¬ 
bia.  M.  fuscogriseus  recorded  from  Greytown  and  Bluefields,  Nicaragua. 

Allen,  J.  A.  The  generic  names  of  the  Mephitinae.  Bull.  Amer.  mus.  nat. 
hist.,  xiv,  p.  325-334.  November  12,  1901. 

The  common  skunks  should  be  known  as  Mephitis,  the  striped  skunks  as 
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Spilogale.  A  refutation  of  the  conclusions  reached  by  Howell  in  North 
Arner.  fauna,  no.  20. 

Allen,  J.  A.  Zimmermann’s  “Zoologiae  geographicae  ”  and  “  Geographische 
Gescliichte  ”  considered  in  their  relation  to  mammalian  nomenclature.  Bull. 
Amer.  mus.  nat.  hist.,  xvi,  p.  13-22.  February  1,  1902. 

The  following  names  of  North  American  mammals  are  changed :  Odocoi¬ 
leus  to  Dama  (p.  15  and  18-20),  Arctomys  to  Marmotta  (p.  17),  and  Odocoi- 
leus  mexicanus  to  Dama  lichtensteini  (p.  20).  Twenty -six  deer  currently 
known  as  Odocoileus  are  listed  under  Dama  (p.  20). 

Allen,  J.  A.  The  generic  and  specific  names  of  some  of  the  Otariidae.  Bull. 
Amer.  mus.  nat.  hist.,  xvi,  p.  111-118.  March  15,  1902. 

The  northern  sea  lion  should  stand  as  Eumetopias  jubata  Schreber,  the 
southern  sea  lion  as  Otaria  byronia  (Blainville),  and  the  northern  fur  seals 
as  Callotaria  Palmer. 

Allen,  J.  A.  A  further  note  on  the  generic  names  of  the  Mephitinae.  Proc. 
biol.  soc.  Washington,  xv,  p.  59-66.  March  22,  1902. 

The  common  skunks  should  he  known  as  Mephitis,  the  striped  skunks 
as  Spilogale.  A  refutation  of  Howell’s  second  article  on  the  subject  (Proc. 
biol.  soc.  Washington,  xv,  p.  1-9,  February  18,  1902). 

Allen,  J.  A.  A  new  caribou  from  the  Alaska  Peninsula.  Bull.  Amer.  mus. 
nat.  hist.,  xvi,  p.  119-127,  text  fig.  1-6.  March  31,  1902. 

Rangifer  granti. 

Allen.  J.  A.  A  new  bear  from  the  Alaska  Peninsula.  Bull.  Amer.  mus.  nat. 
hist.,  xvi,  p.  141-143,  pi.  xxx-xxxi.  April  12,  1902. 

Ursus  merriami. 

Allen,  J.  A.  Description  of  a  new  caribou  from  northern  British  Columbia, 
and  remarks  on  Rangifer  montanus.  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p. 
149-158,  text  fig.  1-6.  April  16,  1902. 

Rangifer  osborni. 

Allen,  J.  A.  A  new  sheep  from  the  Ivenai  Peninsula.  Bull.  Amer.  mus.  nat. 
hist.,  xvi,  p.  145-148,  text  fig.  1-2.  April  23,  1902. 

Ovis  dalli  kenaiensis. 

Allen,  J.  A.  Nomenclatorial  notes  on  American  mammals.  Bull.  Amer. 
mus.  nat.  hist.,  xvi,  p.  159-168.  July  1,  1902. 

Paralces  norm  nov.  for  Alces ,  1835,  preoccupied  by  Alee,  1799;  Cervus 
mexicanus  is  not  available  for  a  Mexican  deer  (see  Osgood,  Proc.  biol. 
soc.  Washington,  xv,  p.  87,  April  25,  1902)  ;  Dama  should  stand  as  the 
generic  name  of  the  deer  currently  known  as  Odocoileus  (see  Sclater,  Ann. 
and  mag.  nat.  hist.,  7th  ser.,  ix,  p.  289,  April,  1902,  and  Miller,  Proc.  biol. 
soc.  Washington,  xv,  p.  39,  March  5, 1902)  ;  Tayassu  is  the  proper  generic 
name  for  the  peccaries,  and  Olidosus  the  subgeneric  name  for  the  white- 
lipped  peccaries  (see  Gill,  Proc.  biol.  soc.  Washington,  xv,  p.  38,  March 
5,  1902,  and  Thomas,  ibid.,  p.  153-154,  June  20,  1902)  ;  Tayassu  pecari 
Fischer  should  replace  T.  albirostre  Illiger;  Sciurus  rufiventer  Geoffroy, 
1803,  should  replace  Sciurus  ludovicianus  Custis,  1806,  for  the  western  fox 
squirrel,  and  the  subspecific  name  texianus  Bachman,  1838,  should  replace 
limitis  Baird,  1855,  for  the  Texan  fox  squirrel. 
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Allen,  J.  A.  List  of  mammals  collected  in  Alaska  by  the  Andrew  J.  Stone 
expedition  of  1901.  Bull.  Amer.  nras.  nat.  hist.,  xvi,  p.  215-230.  July  12, 
1902. 

Twenty-six  species.  Critical  notes  and  field  observations. 

Allen,  J.  A.  A  preliminary  study  of  the  South  American  opossums  of  the 
genus  Didelphis.  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  249-279.  August  18, 
1902. 

Contents  :  introduction  (p.  249),  historical  resume  and  nomenclature 
(p.  250),  species  and  subspecies  of  Didelphis  (p.  253),  descriptions  of  South 
American  species  and  subspecies  (p.  257),  tables  of  external  measurements 
(p.  276).  The  name  marsupialis  is  applied  to  the  South  American  species 
currently  known  as  karkinophaga ,  and  mesamericana  Oken  to  the  large 
Mexican  opossum.  D.  marsupialis  etensis  subsp.  nov.  is  recorded  from 
Panama. 

Allen,  J.  A.  Mammal  names  proposed  by  Oken  in  his  “Lehrbuch  der 
Zoologie.”  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  373-379.  October  11,  1902. 

The  following  names  of  North  American  mammals  are  changed : 
Spermophilus  to  Citellus,  Galictis  to  Grison,  Galera  to  Tayra ,  Didelphis 
marsupialis  (as  applied  to  the  Mexican  opossum)  to  D.  mesamericana. 

Allen,  J.  A.  A  new  caribou  from  Ellesmere  Land.  Bull.  Amer.  mus.  nat. 
hist.,  xvi,  p.  409-412,  text  fig.  1-2.  October  31,  1902. 

Rangifer  pearyi. 

Allen,  J.  A.  The  hair  seals  (family  Phocidae)  of  the  North  Pacific  Ocean 
and  Bering  Sea.  Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  459-499,  text  fig.  1-10. 
December  12,  1902. 

Contents  :  introduction  (p.  459),  nomenclature  (p.  461),  sexual  differences 
in  dentition  in  Phoca  vitulina  (p.  471),  comparison  of  the  Atlantic  and 
Pacific  forms  of  the  Phoca  vitulina  group  (p.  471),  the  North  Pacific 
Phocidae  (with  descriptions  of  new  forms)  (p.  473).  The  name  Phoca 
largha  is  rejected  as  undeterminable  (p.  463-464),  and  the  seals  to  which 
it  has  been  applied  are  divided  into  six  forms  :  Phoca  ochotensis  (Okhotsk 
Sea),  P.  o.  macrodens  (southeastern  Kamschatka  to  Point  Barrow,  Alaska), 
P.  stejnegeri  (Commander  Islands),  P.  richardii  (continental  coast  of 
North  Pacific),  P.  r.  pribilofensis  (Pribilof  Islands),  and  P.  r.  geronimensis 
(Lower  California  and  Santa  Barbara  Islands).  The  other  species  treated 
are  :  Erignathys  barbatus  (p.  473),  Histriophoca  fasciata  (p.  474),  Phoca 
groenlandica  (p.  475),  Phoca  hispida  (p.  477),  and  P.  h.  gichigensis 
(p.  478). 

Allen,  J.  A.;  Bangs,  Outram ;  Evermann,  Barton  Warren;  Gill, 
Theo.  ;  Howell,  Arthur  H.  ;  Jordan,  David  Starr  ;  Merriam,  C. 
Hart;  Miller,  Gerrit  S.,  Jr.  ;  Nelson,  E.  W. ;  Rathbun,  Mary;  and 
Thomas,  Oldfield.  A  method  of  fixing  the  type  in  certain  genera.  Sci¬ 
ence,  n.  s.,  xvi,  p.  114-115.  July  18,  1902. 

The  following  rule  recommended  :  A  generic  name  which  is  the  same 
as  that  of  an  explicitly  included  species  (or  a  cited  post-Linnaean  synonym 
of  such  species)  takes  that  species  as  its  type  regardless  of  subsequent 
elimination. 
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Bailey,  Vernon.  Synopsis  of  the  North  American  species  of  Sigmodon. 
Proc.  biol.  soc.  Washington,  xv,  p.  101-11(3.  June  2,  1902. 

For  summary  see  p.  80-82. 

Bailey,  Vernon.  Seven  new  mammals  from  western  Texas.  Proc.  biol.  soc. 
Washington,  xv,  p.  117-120.  June  2,  1902. 

Eutamias  cinereicollis  canipes ,  Spermophilus  spilosoma  marginatus, 
S.  s.  arens,  Microtus  mexicanus  guadalupensis ,  Fiber  zibethicus  ripensis , 
Thomomys  fulvus  texensis ,  T.  aureus  lachuguilla. 

Bangs,  Outram.  The  mammals  collected  in  San  Miguel  Island,  Panama,  by 
W.  W.  Brown,  Jr.  Amer.  nat.,  xxxv,  p.  631-644.  August,  1901. 

The  following  species  recorded  :  Marmosa  fulviventer  sp.  nov.,  Didelphis 
karkinophaga  caucae  Allen  (afterward  named  D.  marsupialis  etensis  by 
Allen),  Lepus  incitatus  sp.  nov.,  Dasyprocta  callida  sp.  nov.,  Loncheres 
labilis  sp.  nov.,  Proechimys  burrus  sp.  nov.,  Zygodontornys  seorsus  sp.  nov., 
Mus  musculus  Linnaeus,  Mus  rattus  rattus  Linnaeus,  Mus  rattus  alexan- 
drinus  (Geoffroy),  Vampyrops  helleri  Peters,  Hemiderma  brevicaudum 
(Wied). 

Bangs,  Outram.  Descriptions  of  two  new,  insular  Blarinas  from  eastern 
Massachusetts.  Proc.  New  England  zool.  club,  hi,  p.  75-78.  March  31, 
1902. 

Blarina  brevicauda  aloga  and  B.  b.  compacta. 

Bangs,  Outram.  Chiriqui  Mammalia.  Bull.  mus.  comp,  zool.,  xxxix,  p. 
17-51,  text  fig.  1-27.  April,  1902. 

The  following  species  recorded:  Marmosa  mexicana  (Merriam), 
Caluromys  laniger  pallidus  (Thomas),  Metachirus  fuscogriseus  Allen, 
Didelphis  richmondi  Allen,  Choloepus  lioffmanni  Peters,  Cyclopes  dorsalis 
(Gray),  Uroleptes  sellata  (Cope),  Myrmecophaga  tridactyla  Limiaeus, 
Tayassu  crusnigrum  sp.  nov.,  Odocoileus  sp.  (in  footnote,  p.  21,  questions 
the  correctness  of  Allen’s  assertion  that  Dama  should  replace  this  name), 
Mazama  sartorii  (Saussure),  Elasmognathus  bairdii  Gill,  Sciurus  melania 
(Gray),  S.  aestuans  chiriquensis  subsp.  nov.,  S.  browni  sp.  nov.,  Syntheo- 
sciurus  brochus  geu.  et  sp.  nov.,  Mus  rattus  Linnaeus,  Megadontomysflavi- 
dus  sp.  nov.,  Peromyscus  cacabatus  sp.  nov.,  Nyctomys  nitellinus  sp.  nov., 
Tylomys  watsoni  Thomas,  Sigmodon  borucae  Allen,  Sigmodon  austerulus 
sp.  nov.,  Oryzomys  alfaroi  (Allen),  O.  devius  sp.  nov.,  O.  costaricensis  sp. 
nov.,  O.  vegetus  sp.  nov.,  Zygodontornys  cherriei  (Allen),  Zygodontornys 
.  chrysomelas  (Allen),  Eeithrodontomys  australis  Allen,  B.  a.  vulcanius  subsp. 
nov.,  R.  costaricensis  Allen,  R.  creper  sp.  nov.,  Akodon  teguina  apricus. 
subsp.  nov.,  A.  xerampelinus  sp.  nov.,  Macrogeomys  cavator  sp.  nov.,  M. 
pansa  sp.  nov.,  II eteromys  repens  sp.  nov.,  Prpechimys  centralis  chiriquinus 
Thomas,  Dasyprocta  isthmica  Alston,  Agouti  paca  virgatus  subsp.  nov., 
Lepus  gabbi  Alien,  Felis  bangsi  costaricensis  Merriam,  F.  pardalis  Lin¬ 
naeus,  Conepatus  mapurito  (Gmelin),  Galera  barbara  biologiae  (Thomas), 
Putorius  affinis  (Gray),  Potos  caudivolvulus  (Schreber),  Nasua  narica 
Linnaeus,  Procyon  lotor  hernandezii  (Wagler),  Myotis  nigricans  (Wied), 
Eptesicus  fuscus  miradorensis  (II.  Allen),  Lasiurus  borealis  mexicanus 
(Saussure),  Rhogeessa  tumida  II.  Allen  ?,  Ilemiderma  brevicaudum  (Wied), 
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Glossophaga  soricina  Pallas,  Artibeus  intermedius  J.  A.  Allen,  Vampyrops 
heller i  Peters,  Sturnira  lilium  (Geoffroy),  Desmodus  rotundus  (Geoffroy), 
Alouatta  palliata  (Gray),  Saimiri  oerstedii  (Reinhardt),  Cebus  hypoleucus 
(Humboldt). 

Chapman,  Frank  M.  A  revision  of  the  genus  Capromys.  Bull.  Amer. 
mus.  nat.  hist.,  xiv,  p.  313-323,  pi.  xxxix-xl,  text  fig.  1-3.  November  12, 
1901. 

A  study  based  on  about  40  specimens.  The  species  are  arranged  in 
two  genera,  Procapromys  gen.  nov.  containing  the  South  American  P. 
geayi ,  and  Capromys  containing  the  West  Indian  representatives.  For 
summary  of  the  latter  see  p.  100-101. 

Elliot,  D.  G.  A  synopsis  of  the  mammals  of  North  America  and  the 
adjacent  seas.  Field  Columbian  mus.,  publication  45,  zool.  series,  vol.  n, 
xv  -)-  471  pp.,  pi.  i-xlix,  text  fig.  1-94.  March,  1901. 

The  first  general  work  on  North  American  mammals  published  since 
1857.  Ten  orders,  34  families,  115  genera,  and  998  species  and  subspecies 
are  recognized  as  occurring  in  the  region  “between  the  North  Pole  and 
the  United  States  and  Mexican  boundary.”  No  new  forms  are  described, 
but  the  name  Balaenoptera  copei  is  proposed  for  the  whale  regarded  by 
Cope  as  B.  borealis. 

Elliot,  D.  G.  List  of  mammals  obtained  by  Thaddeus  Surber,  collector  for 
the  Museum,  in  the  Provinces  of  New  Brunswick  and  Quebec,  Canada. 
Field  Columbian  mus.,  publication  54,  zool.  series,  in,  p.  15-29.  March, 
1901. 

Thirty-one  species  are  recorded,  together  with  critical  notes  and  col¬ 
lector’s  field  observations. 

Elliot,  D.  G.  A  list  of  the  land  and  sea  mammals  of  North  America  north 
of  Mexico.  Supplement  to  the  Synopsis.  Field  Columbian  mus.,  publica¬ 
tion  57,  zool.  series,  ii,  p.  477-522.  June,  1901. 

Number  of  forms  recorded  997  ;  notes  on  the  generic  name  of  the  walrus 
(p.  513). 

Elliot,  D.  G.  A  list  of  mammals  obtained  by  Thaddeus  Surber,  in  North 
and  South  Carolina,  Georgia,  and  Florida.  Field  Columbian  mus.,  publica¬ 
tion  58,  zool.  series,  in,  p.  31-57,  pi.  v-x.  June,  1901. 

Forty  species  are  recorded,  together  with  critical  notes  and  collector’s 
field  observations.  The  status  of  several  currently  recognized  forms  is 
questioned. 

Elliot,  D.  G.  The  caribou  of  the  Ivenai  Peninsula,  Alaska.  Field  Columbian 
mus.,  publication  59,  zool.  series,  in,  p.  59-62,  pi.  xi-xiii.  July,  1901. 

Gill,  Theodore.  The  bat  genus  Pteronotus  renamed  Dermonotus.  Proc. 
biol.  soc.  Washington,  xiv,  p.  177.  September  25,  1901. 

Gill,  Theodore.  Note  on  the  names  of  the  genera  of  peccaries.  Proc.  biol. 
soc.  Washington,  xv,  p.  38-39.  March  5,  1902. 

The  names  Tayassu  and  Dicotyles  are  both  regarded  as  valid  (see  Allen, 
Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  163,  July  1,  1902,  and  Thomas,  Proc. 
biol.  soc.  Washington,  xv,  p.  153-154,  June  20,  1902). 

Hornaday,  William  T.  Description  of  a  new  species  of  mountain  sheep. 
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Fiftli  annual  report  of  the  New  Yo;-k  zoological  society,  appendix  1,  p.  1-4. 
January  8,  1901. 

Ovis  fannini. 

Hornaday,  William  T.  Notes  on  the  mountain  sheep  of  North  America,  with 
a  description  of  a  new  species.  Fifth  annual  report  of  the  Newr  York  zoolog¬ 
ical  society,  p.  77-122,  14  pis.,  3  text  figs.,  andl  map.  June  1,  1901. 

The  following  forms  recognized  and  described  in  detail :  Ovis  fannini 
sp.  nov.,  0.  dalli  (Nelson),  0.  stonei  Allen,  0.  montana  Cuvier,  0.  nelsoni 
Merriam,  and  0.  mexicanus  Merriam.  The  Ovis  canadensis  liardensis  of 
Lydekker  is  not  mentioned,  and  no  opinion  is  expressed  as  to  the  status 
of  0.  canadensis  auduboni  Merriam. 

Howe,  Reginald  Heber,  Jr.  A  new  race  of  Microtus  pennsilvanicus.  Proc. 
Portland  soc.  nat.  hist.,  ii,  p.  201-202,  pi.  v.  December  31,  1902. 

Microtus  pennsilvanicus  shattucki. 

Howell,  Arthur  H.  Revision  of  the  skunks  of  the  genus  Chincha.  North 
Amer.  fauna,  no.  20,  62  pp.,  pi.  i-viii.  August  31,  1901. 

Contents  :  history  (p.  9),  distribution  (p.  10),  habits  (p.  11),  external 
characters  (p.  12),  material  (p.  13),  nomenclature  (p.  15),  genus  Chincha 
(p.  20),  key  to  species  and  subspecies  (p.  20-21),  list  of  species  and  sub¬ 
species  with  type  localities  (p.  21),  subgenus  Chincha  (p.  22-39),  subgenus 
Leucomitra  (p.  39-43),  tables  of  cranial  measurements  (p.  44).  This 
revision  is  based  on  an  examination  of  nearly  1000  specimens.  For 
summary  see  p.  108-110. 

Howell,  Arthur  H.  The  generic  names  of  the  North  American  skunks. 
Proc.  biol.  soc.  Washington,  xv,  p.  1-9,  pi.  i.  February  18,  1902. 

A  reply  to  Allen’s  criticism  (Bull.  Amer.  mus.  nat.  hist.,  xiv,  p.  325-334, 
November  12,  1901). 

Howell,  Arthur  H.  Three  new  skunks  of  the'genus  Spilogale.  Proc.  biol. 
soc.  Washington,  xv,  p.  241-242.  December  16,  1902. 

Spilogale  tenuis ,  S.  angustifrons,  and  S.  angustifrons  tropicalis. 

Latorre,  D.  Angel  Cabrera.  Descripcion  de  tres  nuevos  mamiferos  ameri- 
canos.  Bol.  de  la  soc.  espanola  de  hist,  nat ,  Madrid,  i,  p.  367-373.  Decem¬ 
ber,  1901. 

Vespertilio  espadae,  Myotis  tliomasi ,  and  Capromys  elegans,  the  first  and 
second  South  American. 

Lyon,  Marcus  W.,  Jr.  A  comparison  of  the  osteology  of  the  jerboas  and 
jumping  mice.  Proc.  U.  S.  nat.  mus.,  xxm,  p.  650-668,  pi.  xxv-xxvii.  May 
2,  1901. 

The  Zapodidae  and  Dipodidae  are  regarded  as  distinct  and  well  charac¬ 
terized  families. 

Lyon,  Marcus  W.,  Jr.  Description  of  a  new  Phyllostome  bat  from  the 
Isthmus  of  Panama.  Proc.  biol.  soc.  Washington,  xv,  p.  83-84.  April  25, 
1902. 

Uroderma  convexum. 

Major,  C.  I.  Forsyth.  The  muskrat  of  Santa  Lucia  (Antilles).  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  vii,  p.  204-206.  February,  1901. 

Oryzomys  luciae  sp.  nov.  The  genus  Holochilus  is  regarded  as  identical 
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with  Oryzomys  ancl  the  specific  name  plloris  Zimmermann  is  substituted 
for  pilor ides  as  applied  to  the  animal  occurring  on  Martinique.  Both  con¬ 
clusions  are  questioned  by  Allen  (Bull.  Amer.  mus.  nat.  hist.,  xvi,  p.  21, 
February  1,  1902). 

Mearns,  Edgar  A.  A  new  pocketmouse  from  southern  California.  Proc. 
biol.  soc.  Washington,  xiv,  p.  135-130.  August  9,  1901. 

Perognathus  fallax  pallidus. 

Mearns,  Edgar  A.  The  American  jaguars.  Proc.  biol.  soc.  Washington, 
xiv,  p.  137-143.  August  9,  1901. 

The  following  recorded  from  north  of  South  America:  Fells  centralis 
sp.  nov.,  F.  hernandesii  (Gray),  and  F.  h.  goldmani  subsp.  nov.  True  Fells 
onca  is  confined  to  South  America. 

Mearns,  Edgar  A.  Description  of  a  new  ocelot  from  Texas  and  northeast¬ 
ern  Mexico.  Proc.  biol.  soc.  Washington,  xiv,  p.  145-148.  August  9,  1901. 

Fells  llmitls. 

Mearns,  Edgar  A.  Two  new  cats  of  the  Eyra  group  from  North  America. 
Proc.  biol.  soc.  Washington,  xiv,  p.  149-151.  August  9,  1901. 

Fells  apache  and  F.  fossata. 

Mearns,  Edgar  A.  On  the  mainland  forms  of  the  eastern  deermouse, 
Peromyscus  leucopus  (Rafinesque).  Proc.  biol.  soc.  Washington,  xiv,  p. 
153-155.  August  9,  1901. 

The  following  forms  recognized  :  Peromyscus  leucopus  leucopus  (Rafin¬ 
esque),  P.  1.  noveboracensis  (Fischer),  and  P.  1.  minnesotcie  subsp.  nov. 

Mearns,  Edgar  A.  The  cacomitl  cat  of  the  Rio  Grande  Valley.  Proc.  U. 
S.  nat.  mus.,  xxiv,  p.  207-210-.  October  4,  1901. 

Fells  cacomitli  Berlandier  distinguished  from  F.  yagouarouncll. 

Mearns,  Edgar  A.  The  ocelot  cats.  Proc.  U.  S.  nat.  mus.,  xxv,  p  237-249. 
September  17,  1902. 

The  following  species  recognized:  Fells  llmitls  Mearns,  F.  pardalls 
Linnaeus,  F.  costaricensls  sp.  nov.,  F.  chibigouazou  Griffith,  and  F. 
aequatorialis  sp.  nov.,  the  last  two  from  South  America.  Nomenclature 
discussed  at  length  (p.  238-241). 

Menegaux,  A.  Description  d’une  variete  et  d’une  espece  nouvelles  de 
Cliiropteres  rapportees  du  Mexique  par  INI.  Diguet.  Bull.  mus.  d’hist.  nat., 
Paris,  1901,  p.  321-327. 

Myotis  calif ornicus  jaliscensis  and  M.  vlvesl. 

Menegaux,  A.  Liste  de  Chiropteres  rapportees  par  M.  Diguet  du  Mexique. 
Bull.  mus.  d’hist.  nat.,  Paris,  1901,  p.  388-394. 

Thirteen  forms  are  recorded,  with  brief  notes  on  habits  and  technical 
characters.  Vespertilio  fuscus  is  regarded  as  a  variety  of  V.  serotinus  (p. 
391-392). 

Merriam,  C.  Hart.  Two  new  bighorns  and  a  new  antelope  from  Mexico  and 
the  United  States.  Proc.  biol.  soc.  Washington,  xiv,  p.  29-32.  April  5,  1901. 

Ovis  mexlcanus ,  O.  canadensis  auduboni ,  Antllocapra  americana  mexi- 
cana.  Priority  of  name  Ovis  canadensis  affirmed  (p.  29). 

Merriam,  C.  Hart.  Six  new  mammals  from  Cozumel  Island,  Yucatan.  Proc. 
biol.  soc.  Washington,  xiv,  p.  99-104.  July  19,  1901. 
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Nasua  nelsoni ,  Procyon  pygmaeus ,  Didelphis  yucatanensis  cozumelae , 
Tayassu  nanus,  Peromyscus  cozumelae,  Oryzomys  cozumelae. 

Merriam,  C.  Hart.  A  new  brocket  from  Yucatan.  Proc.  biol.  soc.  Washing¬ 
ton,  xiv,  p.  105-106.  July  19,  1901. 

Mazama  pandora. 

Merriam,  C.  Hart.  Descriptions  of  twenty-three  new  pocket  gophers  of  the 
genus  Thomomys.  Proc.  biol.  soc.  Washington,  xiv,  p.  107-117.  July  19 
1901. 

Thomomys  latirostris ,  T.  sinaloac,  T.  perditus,  T.  goldmani,  T.  baileyi, 
T.  nelsoni ,  T.  cabezonae,  T.  aureus  pervagus ,  T.  a.  perpes,  T.  angularis 
pascalis,  T.  fuscus  jislier i,  T.  ynyops,  T.  leucodon  navus ,  T.  uinta ,  T.  brid- 
geri,  T.  clusius  ocius,  T.  idahoensis,  T.  desertorum,  T.  pygmaeus,  T.douglasi 
oregonus,  T.  limosus,  T.  hesperus,  T.  niger. 

Merriam,  C.  Hart.  Descriptions  of  four  new  peccaries  from  Mexico.  Proc. 
biol.  soc.  Washington,  xiv,  p.  119-124.  July  19,  1901. 

Olidosus  subgen.  nov.,  Tayassu  (O.)  albirostris  r ingens,  T.  ( Tayassu )  an- 
gulatus  humeralis,  T.  ( T .)  a.  yucatanensis,  T.  (T)  a.  crassus. 

Merriam,  C.  Hart.  Two  new  rodents  from  northwestern  California.  Proc. 
biol.  soc.  Washington,  xiv,  p.  125-126.  July  19,  1901. 

Phenacomys  albipes  and  Callospermophilus  chrysodeirus  trinitatis. 

Merriam,  C.  Hart.  Descriptions  of  three  new  kangaroo  mice  of  the  genus 
Microdipodops.  Proc.  biol.  soc.  Washington,  xiv,  p.  127-128.  July  19,  1901. 

Microdipodops  megacephalus  oregonus,  M.  pallidus,  and  M.  californicus. 

Merriam,  C.  Hart.  Synopsis  of  the  rice  rats  (genus  Oryzomys)  of  the 
United  States  and  Mexico.  Proc.  Washington  acad.  sci.,  in,  p.  273-295. 
July  26,  1901. 

A  revision  based  on  the  examination  of  about  600  specimens.  The 
species  are  arranged  in  four  groups,  but  no  attempt  is  made  to  correlate 
these  with  the  subgenera  named  by  Pangs  (Proc.  New  England  zool.  club, 
i,  pp.  94,  96,  February  23,  1900).  For  summary  see  p.  82-86. 

Merriam,  C.  Hart.  Descriptions  of  23  new  harvest  mice  (genus  Reithrodon- 
tomys).  Proc.  Washington  acad.  sci.,  iii,  p.  547-558.  November  29,  1901. 

Reithrodontomys  tenuirostris,  R.  t.  aureus,  R.  microdon,  R.  m.  albilabris, 
R.  chrysopsis  tolucae,  R.  perotensis,  R.  orizcibae,  R.  colimae,  R.  c.  nerterus, 
R.  c.  jalap ae,  R.  goldmani ,  R.  hirsutus,  R.  griSeofiavus,  R.  g.  helvolus,  R.  levi- 
pes,  R.  1.  otus,  R.  1.  toitecus,  R.  saturatus  cinereus,  R.  s.  alticolus,  R.  difiicilis, 
R.  dorsalis,  R.  megalotis  zacatecae,  R.  m.  obscurus. 

Merriam,  C.  Hart.  Seven  new  mammals  from  Mexico,  including  a  new 
genus  of  rodents.  Proc.  Washington  acad.  sci.,  iii,  p.  559-563.  November 
29,  1901. 

Blarina  mayensis,  Odocoileus  hemionus  canus,  Tylomys  tumbalensis, 
T.  bullaris,  Ototylomys  gen.  nov.,  O.  phyllotis,  O.  p.  phaeus,  Callospermo¬ 
philus  madrensis. 

Merriam,  C.  Hart.  Preliminary  revision  of  the  pumas  (Felis  concolor  group). 
Proc.  Washington  acad.  sci.,  in,  p.  577-600.  December  11,  1901. 

The  following  forms  are  recognized:  Felis  couguar  Kerr  (type  local¬ 
ity,  Pennsylvania),  F.  coryi  Bangs  (Florida),  F.  hippolestes  Merriam 
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(Wyoming),  F.  h.  Olympus  Merriam  (Washington),  F.  h.  aztecus  subsp. 
nov.  (Chihuahua),  F.  bangsi  sp.  nov.  (Colombia),  F.  b.  costaricensis  subsp. 
nov.  (Costa  Rica),  F.  concolor  Linnaeus  (Brazil),  F.  puma  Molina  (Chili), 
F.  p.  patagonica  subsp.  nov.  (base  of  Andes,  Patagonia),  F.  p.  pearsoni 
(Thomas)  (coast  of  Santa  Cruz,  Patagonia). 

Merriam,  C.  Hart.  Twenty  new  pocket  mice  (Heteromys  and  Liomys)  from 
Mexico.  Proc.  biol.  soc.  Washington,  xv,  p.  41-50.  March  5,  1902. 

Heteromys  goldmani ,  H.  g.  lepturus ,  H.  griseus ,  II.  annectens ,  Xylomys 
subgen.  nov.,  H.  (X.)  nelsoni ,  Liomys  gen.  nov.,  L.  texensis ,  L.  canus,  L. 
torridus,  L.  t.  minor,  L.  plant  inar  ensis,  L.  pictus  rostratus ,  L.  p.  isthmius , 
L.  sonorana,  L.  veraecrucis,  L.  obscurus,  L.  phaeura,  L.  orbitalis,  L.  crispus, 
L.  c.  setosus,  L.  heterothrix. 

Merriam,  C.  Hart.  Five  new  mammals  from  Mexico.  Proc.  biol.  soc. 
Washington,  xv,  p.  67-69.  March  22,  1902. 

Aiouatta  palliata  mexicana,  Putorius  tropicalis  perdus ,  NasUa  narica 
molaris,  Platygeomys  neglectus,  Spermophilus  annulatus  goldmani. 

Merriam.  C.  Hart.  A  new  bobcat  ( Lynx  uinta)  from  the  Rocky  Mountains. 
Proc.  biol.  soc.  Washington,  xv,  p.  71-72.  March  22,  1902. 

Merriam,  C.  Hart.  Three  new  foxes  of  the  kit  and  desert  fox  groups. 
Proc.  biol.  soc.  Washington,  xv,  p.  73-74.  March  22,  1902. 

Vulpes  velox  hebes ,  V.  macrotis  neomexicanus,  V.  muticus. 

Merriam,  C.  Hart.  Two  new  shrews  of  the  Sorex  tenellus  group  from  Cali¬ 
fornia.  Proc.  biol.  soc.  Washington,  xv,  p.  75-76.  March  22,  1902. 

Sorex  tenellus  lyelli  and  S.  t.  myops. 

Merriam,  C.  Hart.  Two  new  bears  from  the  Alaska  Peninsula.  Proc.  biol. 
soc.  Washington,  xv,  p.  77-79.  March  22,  1902. 

Ursus  dalli  gyas  and  U.  kidderi. 

Merriam,  C.  Hart.  Six  new  skunks  of  the  genus  Conepatus.  Proc.  biol.  soc. 
Washington,  xv,  p.  161-165.  August  6,  1902. 

Oryctogale  subgen.  nov.,  Conepatus  (O.)  leuconotus  texensis,  C.  (O.)  sonori- 
ensis ,  C.  (O.)  mesoleucus  mearnsi ,  C.  (O.)  felipensis ,  C.  (O.)  pediculus ,  C. 

( Marputius )  tropicalis. 

Merriam,  C.  Hart.  Four  new  arctic  foxes.  Proc.  biol.  soc.  Washington, 
xv,  p.  167-172.  August  6,  1902. 

Vulpes  lagopus  innuitus ,  V.  1.  ungava ,  V.  pribilof ensis,  and  V.  bering- 
ensis,  the  last  from  Ivamtchatka. 

Miller,  Gerrit  S.,  Jr.  Anew  deer  from  Costa  Rica.  Proc.  biol.  soc.  Wash¬ 
ington,  xiv,  p.  35-37.  April  25,  1901. 

Odocoileus  costaricensis. 

Miller,  Gerrit  S.,  Jr.  The  technical  name  of  the  Virginia  deer.  Proc.  biol. 
soc.  Washington,  xv,  p.  39.  March  5,  1902. 

Odocoileus  americanus.  Many  of  the  names  used  by  Zimmermann, 
including  Dama  (see  Allen,  Bull.  Ainer.  mus.  nat.  hist.,  xvi,  p.  18-20, 
February  1,  1902,  and  xvi,  p.  161-162,  July  1,  1902),  cannot  be  regarded 
as  valid. 

Miller,  Gerrit  S.,  Jr.  A  new  rabbit  from  southern  Texas.  Proc.  biol.  soc. 
Washington,  xv,  p.  81-82.  April  25,  1902. 

Lepus  simplicicanus. 
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Miller,  Gerrit  S.,  Jr.  Note  on  the  Chilonycteris  davyi  fulvus  of  Thomas. 
Proc.  biol.  soc.  Washington,  xv,  p.  155.  June  20,  1902. 

Distinct  from  Dermonotus  davyi. 

Miller,  Gerrit  S.,  Jr.  Note  on  the  Vespertilio  incautus  of  J.  A.  Allen. 
Proc.  biol.  soc.  Washington,  xv,  p.  155.  June  20,  1902. 

Distinct  from  Myotis  velifer. 

Miller,  Gerrit  S.,  Jr.  Twenty  new  American  bats.  Proc.  acad.  nat.  sci. 
Phila.,  1902,  p.  389-412.  September  12,  1902. 

Antrozous  minor,  Pipistrellus  cinnamomeus,  Dasypterus  fioridanus , 
Nyctinomops,  N.  yucatanicus ,  Molossus  nigricans,  M.  pretiosus  (Venezuela), 
Nyctinomus  antillularum ,  Natalus  major ,  N.  mexicanus,  Chilonycteris  por- 
toricensis ,  C.  boothi  (Gundlach),  C.  mexicana,  Mormoops  tumidiceps 
(Trinidad),  Dermanura  rava  (Ecuador),  D.  tolteca  (Saussure),  D.  phaeotis , 
Vampyrops  fumosus  (Brazil),  Stenoderma  luciae ,  Hemiderma  tricolor 
(Paraguay),  Brachyphylla  nana ,  Monophyllus  cubanus ,  M.  luciae. 

Miller^  Gerrit  S.,  Jr.  A  new  bat  from  the  Island  of  Dominica.  Proc.  biol. 
soc.  Washington,  xv,  p.  243-244.  December  16,  1902. 

Myotis  dominie ensis. 

Miller,  Gerrit  S.,  Jr.  The  common  Nyctinomus  of  the  Greater  Antilles. 
Proc.  biol.  soc.  Washington,  xv,  p.  248.  December  16,  1902. 

Nyctinomus  musculus  Gundlach  distinct  from  N.  brasiliensis. 

Miller,  Gerrit  S.,  Jr.  The  external  characters  of  Brachyphylla  nana  Miller. 

Proc.  biol.  soc.  Washington,  xv,  p.  249.  December  16,  1902. 

Miller,  Gerrit  S.,  Jr.  An  overlooked  specimen  of  Chilonycteris  psilotis. 
Proc.  biol.  soc.  Washington,  xv,  p.  249.  December  16,  1902. 

Taken  on  the  Isthmus  of  Tehuantepec,  Mexico. 

Miller,  Gerrit  S.,  Jr.  The  status  of  Nyctinomus  nevadensis  (H.  Allen). 
Proc.  biol.  soc.  Washington,  xv,  p.  250.  December  16,  1902. 

The  species  is  identical  with  Nyctinomops  depressus  (Ward). 

Miller,  Gerrit  S.,  Jr.  The  generic  position  of  Nyctinomus  orthotis  H.  Allen. 
Proc.  biol.  soc.  Washington,  xv,  p.  250.  December  16,  1902. 

A  member  of  the  genus  Promops. 

Miller,  Gerrit  S.,  Jr.,  and  Rehn,  James  A.  G.  Systematic  results  of  the 
study  of  North  American  land  mammals  to  the  close  of  the  year  1900. 
Proc.  Boston  soc.  nat.  hist.,  xxx,  p.  1-352.  December  27,  1901. 

Nehring,  A.  Ueber  M.  W.  Lyon’s  Comparison  of  the  osteology  of  the 
jerboas  and  jumping  mice.  Sitzungsber.  Gesellsch.  naturforsch.  Freunde 
zu  Berlin,  1901,  p.  146-148. 

Remarks  on  bibliography. 

Nehring,  A.  Ueber  Galictis  canaster  Nelson,  Gal.  crassidens  Nlirg.  und  Gal. 
allamandi  Bell.  Sitzungsber.  Gesellsch.  naturforsch.  Freunde  zu  Berlin, 
1901,  p.  209-216. 

Nelson,  E.  W.  Note  on  the  relationship  of  Bomerolagus  nelsoni  Merriam. 
Memorias  y  revista  de  la  sociedad  cientifica  “Antonio  Alzate,”  Mexico. 
Revista  cientifica  y  bibliografia,  xvi,  no.  8,  p.  33-34.  October,  1901. 

Not  related  to  Ochotona. 
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Nelson,  E.  W.  A  new  species  of  Galictis  from  Mexico.  Proc.  biol.  soc. 
Washington,  xiv,  p.  129-130.  August  9,  1901. 

Galictis  canaster. 

Nelson,  E.  W.  Description  of  two  new  squirrels  from  Mexico.  Proc.  biol. 
soc.  Washington,  xiv,  p.  131-132.  August  9,  1901. 

Sciurus  yucatanicus  baliolus  and  *S.  deppei  vivax. 

Nelson,  E.  W.  A  new  species  of  elk  from  Arizona.  Bull.  Amer.  mus.  nat. 
hist.,  xvi,  p.  1-12,  text  fig.  1-7.  January  16,  1902. 

Cervus  merriami.  The  name  Cervus  roosevelti  regarded  as  tenable. 
Osgood,  Wilfred  H.  Natural  history  of  the  Queen  Charlotte  Islands, 
British  Columbia.  North  Amer.  fauna,  no.  21,  p.  7-50,  pi.  i-v,  text  fig.  1. 
September  26,  1901. 

Introduction  and  itinerary  (p.  7),  acknowledgments  (p.  9),  physiography 
(p.  9),  flora  (p.  11),  fauna  (p.  16),  life  zones  (p.  20),  bibliography  (p.  22), 
annotated  list  of  mammals  (p.  25),  annotated  list  of  birds  (p.  38).  Twenty- 
three  mammals,  the  following  new:  Peromyscus  prevostensis ,  Ursus  car- 
lottae,  Mustela  nesophila ,  Sorex  longicauda  prevostensis,  S.  1.  elassodon. 
Osgood,  Wilfred  H.  Natural  history  of  the  Cook  Inlet  region,  Alaska. 
North  Amer.  fauna,  no.  21,  p.  51-81,  pi.  vi-vii.  September  26,  1901. 

Introduction  and  itinerary  (p.  51),  physiography  (p.  51),  flora  (p.  53), 
fauna  (p.  56),  life  zones  (p.  59),  previous  work  (p.  60),  mammals  (p.  61), 
birds  (p.  72).  Thirty-three  mammals,  the  following  new:  Microtus  miurus , 
Sorex  eximius. 

Osgood,  Wilfred  H.  A  new  white-footed  mouse  from  California.  Proc. 
biol.  soc.  Washington,  xiv,  p.  193-194.  December  12,  1901. 

Peromyscus  oreas  rubidus. 

Osgood,  Wilfred  H.  Some  names  of  American  Cervidae.  Proc.  biol.  soc. 
Washington,  xv,  p.  87-88.  April  25,  1902. 

The  eastern  moose  should  be  known  as  Alces  americanus  (Clinton),  the 
specific  name  of  the  Virginia  deer  should  be  virginianus ,  and  the  name 
mexicanus  is  tenable  for  a  Mexican  Odocoileus  (see  Allen,  Bull.  Amer. 
mus.  nat.  hist.,  xvi,  p.  20,  February  1,  1902). 

Palmer,  T.  S.  The  earliest  generic  name  of  the  northern  fur  seal.  Proc. 
biol.  soc.  Washington,  xiv,  p.  133-134.  August  9,  1901. 

Otoes  G.  Fischer.  On  this  subject  see  Allen,  Bull.  Amer.  mus.  nat.  hist., 
xvi,  p.  111-118,  March  15,  1902. 

Preble,  Edward  A.  Descriptions  of  new  species  of  Synaptomys  and  Phena- 
comys  from  Mackenzie,  Canada.  Proc.  biol.  soc.  Washington,  xv,  p.  181- 
182.  August  6,  1902. 

Synaptomys  bullatus  and  Plienacomys  mackenzii. 

Preble,  Edward  A.  A  biological  investigation  of  the  Hudson  Bay  region. 
North  Amer.  fauna,  no.  22,  p.  140,  pi.  xiv.  October  31,  1902. 

Introduction  and  itinerary  (p.  9),  general  account  of  the  region  traversed 
(p.  11),  life  zones  (p.  22),  previous  work  (p.  23),  bibliography  (p.  27),  note 
on  boundaries  of  the  region  treated  (p.  38),  new  species  (p.  38),  annotated 
list  of  mammals  (p.  39),  annotated  list  of  birds  (p.  75),  annotated  list  of 
batrachians  (p.  133).  Sixty-one  mammals,  the  following  new:  Microtus 


MILLER  ANI)  REHN:  NORTH  AMERICAN  MAMMALS.  143 


aphorodemus,  Fiber  zibethicus  hudsonius,  Lepus  arcticus  canus ,  Lutreola 
vison  lacustris ,  Mustela  americana  abieticola ,  Sorex  alnorum. 

Rehn,  James  A.  G.  The  application  of  Didelphis  marsupialis  Linnaeus. 
Amer.  nat.,  xxxv,  p.  147-149.  February,  1901. 

The  name  restricted  to  the  opossum  of  the  southern  end  of  the  tableland 
of  Mexico.  On  this  subject  see  Allen,  (Proc.  biol.  soc.  Washington,  xiv, 
p.  91-93,  June  19,  1901  ;  Bull.  Amer.  mus.  nat.  hist.,  xiv,  pp.  159  and  169, 
June  15,  1901,  and  xvi,  p.  251,  August  18,  1902). 

Relin,  James  A.  G.  Notes  on  Chiroptera.  Proc.  acad.  nat.  sci.  Phila.,  1900, 
p.  755-759.  February  9,  1901. 

Fptesicus  arge  (Cope),  Uroderma  bilobatum,  the  characters  of  Uroderma 
and  Artibeus,  Artibeus  eva  (Cope),  Sphaeronycteris  toxophyllum  (Peters). 

Rehn,  James  A.  G.  A  study  of  the  genus  Centurio.  Proc.  acad  nat.  sci. 
Phila.,  1901,  p.  295-302.  June  7,  1901. 

A  study  based  on  seven  specimens.  For  summary  see  p.  130-131. 

Rehn,  James  A.  G.  A  new  bat  of  the  genus  Glossophaga.  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  37-38.  April  23,  1902. 

Glossophaga  soricina  antillarum. 

Rehn,  James  A.  G.  A  revision  of  the  genus  Mormoops.  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  160-172.  June  11,  1902. 

A  study  based  on  forty -nine  specimens.  For  summary  see  p.  126-127. 
Mormoops  intermedia  (of  Curasao)  regasded  as  a  form  of  M.  megalophylla. 

Rehn,  James  A.  G.  Three  new  American  bats.  Proc.  acad.  nat.  sci.  Phila., 
1902,  p.  638-641.  December  12,  1902. 

Artibeus  hercules  (Peru),  A.  parvipes  (Cuba)  and  Nyctinomus  bahamensis 
(Bahamas). 

Rhoads,  Samuel  N.  A  new  weasel  from  western  Pennsylvania.  Proc. 
acad.  nat.  sci.  Phila.,  1900,  p.  751-754.  February  7,  1901. 

Putorius  alley  heniensis. 

Rhoads,  Samuel  N.  On  the  common  brown  bats  of  peninsular  Florida  and 
southern  California.  Proc.  acad.  nat.  sci.  Phila.,  1901,  p.  618-619.  Febru¬ 
ary  6,  1902. 

Fptesicus  fuscus  osceola  subsp.  nov.,  and  E.f.  bernardinus  subsp.  nov. 

Rhoads,  Samuel  N.  Synopsis  of  the  American  martens.  Proc.  acad.  nat. 
sci.  Phila.,  1902,  p.  443-460.  September  30,  1902. 

A  study  based  on  about  130  specimens.  Seven  forms  are  recognized 
(for  summary  see  p.  115-116),  but  M.  nesophila  Osgood  is  not  mentioned. 

Sclater,  P.  L.  The  generic  term  “Daraa.”  .  Ann.  and  mag.  nat.  hist.,  7th 
ser.,  ix,  p.  289-290.  April,  1902. 

The  name  is  not  tenable,  and  should  be  replaced  by  Cariacus.  (See  also 
Miller,  Proc.  biol.  soc.  Washington,  xv,  p.  39,  March  5,  1902;  Allen,  Bull. 
Amer.  mus.  nat.  hist.,  xvi,  p.  161-162,  July  2,  1902;  and  Thomas,  Proc. 
biol.  soc.  Washington,  xv,  p.  198,  October  10,  1902.) 

Stone,  Witmer.  Felis  oregonensis  Raf.  again!  Science,  n.  s.,  xv,  p.  510. 
March  28,  1902. 

A  refutation  of  the  conclusion  reached  by  Merriain  (Proc.  Washington 
acad.  sci.,  iii,  p.  590-592,  December  11,  1901)  that  this  name  is  unten¬ 
able. 


144  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Thomas,  Oldfield.  The  generic  names  Myrmecophaga  and  Didelphis. 
Amer.  nat.,  xxxv,  p.  143-145.  February,  1901. 

The  great  anteater  should  stand  as  Myrmecophaga  tridactyla ,  while 
Uroleptes  and  Cyclopes  should  be  accepted  in  their  current  application  (see 
Allen,  Proc.  biol.  soc.  Washington,  xiv,  p.  92,  June  19,  1901).  The  name 
Didelphis  marsupialis  should  be  restricted  to  the  large  opossum'  of  north¬ 
eastern  South  America. 

Thomas,  Oldfield.  New  mammals  from  Peru  and  Bolivia,  with  a  list  of 
those  recorded  from  the  Inambari  River,  upper  Madre  de  Dios.  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  vii,  p.  178-190.  February,  1901. 

The  species  are  all  South  American.  Galera  distinguished  generically 
from  Galictis. 

Thomas,  Oldfield.  On  a  new  genus  and  species  of  Vespertilionine  bat  from 
East  Africa.  Ann.  and  mag.  nat.  hist.,  7th  ser.,  vn,  p.  460-462.  May,  1901. 

Laephotis  wintoni.  The  generic  affinities  of  the  Serotine  bats  are  dis¬ 
cussed,  with  the  conclusion  that  Eptesicus  cannot  be  regarded  as  distinct 
from  Vespertilio. 

Thomas,  Oldfield.  New  Myotis,  Artibeus,  Sylvilagus,  and  Metachirus  from 
Central  and  South  America.  Ann.  and  mag.  nat.  hist.,  7th  ser.,  vii,  p.  541- 
545.  June,  1901. 

Myotis  simus  (Peru),  Artibeus  watsoni  (Panama),  Sylvilagus  surdaster 
(Ecuador),  Metachirus  nudicaudatus  phaeurus  (Ecuador). 

Thomas,  Oldfield.  On  a  collection  of  mammals  from  the  Ivanuku  Mountains, 
British  Guiana.  Ann.  and  mag.  nat.  hist.,  7th  ser.,  viii,  p.  139-154.  August, 
1901. 

Contains  a  further  statement  concerning  the  applicability  of  the  name 
Didelphis  marsupialis  to  the  South  American  opossum  (p.  153). 

Thomas,  Oldfield.  On  a  collection  of  bats  from  Para.  Ann.  and  mag.  nat. 
hist.,  7th  ser.,  viii,  p.  189-193.  September,  1901. 

The  bats  commonly  known  as  Artibeus  perspicillatus  and  Hemiderma 
brevicaudum  should  stand  as  A.  jamaicensis  and  II.  perspicillatum  respec¬ 
tively  (p.  192). 

Thomas,  Oldfield.  New  neotropical  mammals,  with  a  note  on  the  species  of 
Reithrodon.  Ann.  and  mag.  nat.  hist.,  7tli  ser.,  viii,  p.  246-255.  Septem¬ 
ber,  1901. 

Dasypterus  ega  and  its  subspecies  (p.  246-247) :  D  e.  panamensis  subsp. 
nov.,  D.  e.  fuscatus  subsp.  nov.  (Colombia),  D.  ega ,  typical  form  (Brazil), 
D.  e.  argentinus  subsp.  nov.  (Argentina) ;  other  new  forms  :  Felis  pcijeros 
crucina  (Patagonia),  Nasua  quichua  (Ecuador),  N.  olivacea  meridensis 
(Venezuela),  Nectomys  esmeraldarum  (Ecuador),  Oryzomys  tectus  (Pan¬ 
ama),  O.  panamensis  (Panama),  Eligmodontia  callosa  boliviae  (Bolivia). 

Thomas,  Oldfield.  New  insular  forms  of  Nasua  and  Dasyprocta.  Ann. 
and  mag.  nat.  hist.,  7tli  ser.,  viii,  p.  271-273.  October,  1901. 

Nasua  thersites  (Cozumel)  and  Dasyprocta  ruatanica  (Ruatan). 

Thomas,  Oldfield.  On  the  geographical  races  of  the  kinkajou.  Ann.  and 
mag.  nat.  hist.,  7th  ser.,  ix,  p.  266-270.  April,  1902. 

Potos  Jlavus  aztecus  subsp.  nov.  (Mexico  and  Guatemala),  P.f.  megalotis 
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(Costa  Rica  and  Colombia),  P.  Jlavus,  typical  form  (Guiana),  P.  /,  meri- 
densis  subsp.  nov.  (Venezuela)  and  P.  /.  modestus  subsp.  nov.  (Ecuador). 

Thomas,  Oldfield.  On  some  mammals  from  Coiba  Island,  off  the  west  coast 
of  Panama.  Novitat.  zoologicae,  ix,  p.  135-137.  April  10,  1902. 

Alouatta  palliata  coibensis  subsp.  nov.,  Cebus  hypoleucus  Humboldt,  Dasy- 
procta  coibae  sp.  nov.,  Dama  rothschildi  sp.  nov.,  Didelphis  marsupialis 
battyi  subsp.  nov. 

Thomas,  Oldfield.  The  generic  names  of  the  peccaries,  northern  fur  seal 
and  sea  leopard.  Proc.  biol.  soc.  Washington,  xv,  p.  153-156.  June  20,  1902. 

Tayassu  should  stand  for  the  collared  peccaries,  and  Notophorus  for  the 
white-lipped  species.  The  northern  fur  seals  should  be  known  as  Callo- 
rhinus  and  the  sea  leopard  as  Stenorhinchus. 

Thomas,  Oldfield.  New  forms  of  Saimiri,  Oryzomys,  Phyllotis ,  Coendou 
and  Cyclopes.  Ann.  and  mag.  nat.  hist.,  7th  ser.,  x,  p.  246-250.  September, 
1902. 

Saimiri  boliviensis  nigriceps  (Peru),  Oryzomys  phaeopus  olivinus  (Ecua¬ 
dor),  Phyllotis  boliviensis  Jlavidior  (Peru),  Coendou  mexicanus  yucataniae 
(Yucatan),  Cyclopes  didactylus  eva  (Colombia). 

Thomas,  Oldfield.  Notes  on  the  Phyllostomatous  genera  Mimon  and  Tonatia. 
Ann.  and  mag.  nat.  hist.,  7th  ser.,  x,  p.  53-54.  July,  1902. 

Records  Mimon  bennettii  from  Ypanema,  Sao  Paulo,  Brazil,  and  Tonatia 
amblyotis  from  Bogaba,  Chiriqui,  Panama. 

Thomas,  Oldfield.  Diagnosis  of  a  new  Central  American  porcupine.  Ann. 
and  mag.  nat.  hist.,  7th  ser.,  x,  p.  169.  August,  1902. 

Coendou  rothschildi. 

Thomas,  Oldfield.  On  the  generic  names  Notophorus,  Alces,  Dama ,  and 
Cephalotes  with  remarks  on  the  “ one-letter  rule”  in  nomenclature.  Proc. 
biol.  soc.  Washington,  xv,  p.  197-198.  October  10,  1902. 

Agrees  with  Allen  (Bull.  Amer.  mus.  nat.  hist.,  xvi,  pp.  162  and  168, 
July  1, 1902)  that  Notophorus  should  be  considered  a  synonym  of  Tayassu. 
Regards  the  renaming  of  Alces  (Allen,  Bull.  Arner.  mus.  nat.  hist.,  xvi, 
p.  159,  July  1,  1902)  as  unnecessary,  but  would  restrict  the  application  of 
the  “one-letter  rule”  to  generic  names.  The  name  Dama  not  valid  for 
the  Virginia  deer.  Nyctimene  Bechstein  antedates  Cephalotes  Geoffroy. 


Printed,  August,  1903. 
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No.  4. —  THE  METAMORPHOSES  OE  THE  HERMIT 

CRAB.1 


BY  MILLETT  T.  THOMPSON. 

Introduction. 

The  group  of  the  Pagurids  or  hermit  crabs  lias  always  attracted 
the  attention  of  carcinologists,  not  only  because  of  its  extent  both  in 
species  and  in  individuals,  but  also  because  of  the  asymmetry  which 
involves  nearly  every  genus  and  the  habit  of  protecting  the  soft 
abdomen  within  hollow  objects,  typically  the  shells  of  Gastropod 
Mollusca.  Whether  the  asymmetry  —  which  is  of  dextral  type 
-except  in  the  genus  Paguropsis  —  owes  its  origin  to  this  use  of 
.shells  for  residences,  since  nearly  all  marine  Gastropod  shells  are 
dextral  in  coil,  cannot  be  determined  with  certainty  until  the  phy- 
logeny  and  relationships  of  the  various  genera  are  better  understood. 
But,  nevertheless,  it  is  unquestionable  that  the  modifications  found 
are  in  a  very  great  degree  correlated  with  residence  in  dextrally 
spiral  shells.  This  alone  makes  the  ontogeny  of  the  group  an 
-extremely  interesting  and  important  subject  for  study. 

Knowledge  of  Pagurid  ontogeny  was  in  its  beginnings  practically 
contemporaneous  with  the  discovery  of  the  metamorphosis  among 
the  higher  Crustacea.  During  the  discussion  which  followed 
Thompson’s  assertion  (’28)  that  the  supposed  genus  “Zoea”  was 
a  larva,  Vigors  (’30)  in  a  review  of  Rathke’s  study  of  the  develop¬ 
ment  of  Astacus  fluviatilis ,  which  has  no  metamorphosis,  appeared 
skeptical  with  regard  to  Thompson’s  conclusions.  This  drew  a 
reply  from  the  latter  author  (Thompson,  ’30-’3l),  communicating  a 
list  of  fifteen  Decapods  in  which  he  had  observed  the  young  to  be 
unlike  the  parent  and  “Pagurus”  was  included  in  this  list. 

The  further  statement  by  Thompson  five  years  later,  in  1835,  that 
Both  “  Zoe  ”  and  “Megalope”  were  larvae  and  his  reiteration  that, 
among  “Macrura,”  Astacus  marinus,  Pagurus,  and  other  forms 
underwent  a  metamorphosis,  greatly  stimulated  research  on  crusta- 

1  From  the  Anatomical  laboratory,  Brown  university,  and  the  laboratory  of 
the  U.  S.  fish  commission,  Woods  Hole,  Mass. 
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cean  development,  and  in  the  year  1840,  two  papers  on  Pagurid 
development  appeared.  One  of  these  (Rathke,  ’40)  deserves  to  stand 
as  the  first  real  contribution  to  our  knowledge  of  the  metamorphosis 
in  this  group.  For  Thompson  did  not  describe  his  larva  and 
Philippi’s  paper  of  the  same  year  merely  figured  in  a  rough  way 
the  first  zoea.  Rathke’s  paper,  however,  briefly  described  three 
zoeal  and  a  Macruran  like  older  stage  of  the  European  “  Pagurus 
bernhardus  .”  Two  years  later  (Rathke,  ’42)  it  was  republished  in 
more  complete  form  with  excellent  figures  of  the  zoeae  and  of  the 
maxillipeds,  tail  fan,  and  pleopods  of  the  “older  larva.” 

Then  twenty  years  passed  without  any  important  addition  along 
this  line  of  carcinological  research  until  the  publication  of  Muller’s 
“Fur  Darwin,”  in  1864.  This  article  described  a  “Pagurus”  zoea, 
called  attention  to  the  absence  of  any  gradation  in  the  successive 
zoeal  stages  towards  the  Macruran-like  stage,  and,  although  it  is 
uncertain  whether  Muller  actually  saw  this  later  stage,  it  is  described 
and  compared  to  a  small  shrimp  which  had  received  from  Milne- 
Edwards  the  name  Glaucothoe.  “  Glaucothoe  peronii  may  be  such 
a  young,  still  symmetrical  Pagurus.”  The  recapitulatory  nature  of 
the  stage  is  also  asserted.  “  The  abdomen  is  truly  in  the  adult  a 
clumsy  [ungeschlachter]  sac,  filled  with  liver  and  sexual  organs,  but 
it  is  yet  fairly  powerful  [kraftig]  in  the  glaucothoe-stage  and  it  was 
also  still  stronger  when  this  stage  was  the  permanent  form  of  the 
animal.” 

A  few  years  after  Muller’s  article  appeared,  Spence  Bate  (’68) 
published  an  account  of  two  zoeae  and  a  glaucothoe  which  he  col¬ 
lected  at  the  surface  and  correctly  assigned  to  “Pagurus.”  Of  the 
latter  stage  he  says :  “  In  this  they  probably  continue  until  they  find 
a  suitable  molluscous  shell.  ...  I  imagine  that  they  may  cast  their 
exuvium  and  grow  during  the  whole  time  that  they  are  deficient  of 
such  a  shell  because  I  have  taken  specimens,  occupants  of  shells, 
that  were  still  smaller  than  the  ones  described  and  yet  further 
advanced  toward  maturity.  It  would  be  curious  to  see  if,  were  they 
deprived  entirely  of  a  shell  as  a  habitat  they  wTould  continue  to  grow 
and  retain  the  normal  [i.  e.,  symmetrical]  form  of  the  pleon  gener¬ 
ally.” 

This  query  as  to  the  effect  of  depriving  the  young  of  a  shell  was 
in  part  answered  by  Agassiz  (’75)  nearly  ten  years  later.  He 
showed  that  the  larva  might  attain  asymmetry  and  a  soft  abdomen 
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before  a  shell  was  entered  and  considered  that  the  desire  for  a  shell 
arose  from  the  anatomical  changes.  The  extreme  brevity  of  his 
record,  however,  lias  been  a  cause  of  much  confusion.  It  was  not 
clearly  shown  whether  this  metamorphosis  without  a  shell  was  the 
typical  developmental  sequence  or  only  a  frequent  happening. 
Moreover,  the  amount  of  the  asymmetry  attained  at  this  time  was 
not  certainly  defined.  Hence  the  record  has  been  interpreted  to 
mean  that  the  change  from  the  glaucothoe  to  the  adult  form  was 
gradual  and  covered  several  ecdyses  (Bouvier,  ’91).  But  I  am 
convinced  that  Agassiz  intended  to  indicate  the  change  as  occurring 
with  a  single  ecdysis  and  the  figures  published  by  Faxon  (’82)  sup¬ 
port  this  contention.  These  show  four  zoeae,  and  in  less  detail  a 
fifth  stage  which  is  identified  with  the  genera  Glaucothoe  and 
Prophvlax.  Immediately  following  the  fifth  stage  comes  a  stage 
entitled  “age  when  it  takes  up  its  abode  in  a  molluscan  shell,”  and 
this  figure  depicts  a  crab  with  almost  adult  asymmetry,  but  bearing 
minute  rudiments  of  pleopods  on  the  right  side  of  the  abdomen. 

The  main  outlines  of  Pagurid  ontogeny  had  now  become  clear. 
The  young  passed  through  several  zoea  stages  and  then  moulted  to 
a  glaucothoe  phase  analogous  to  the  megalops  of  the  true  crabs,  and 
as  with  them  the  mysis  phase  was  suppressed  (Claus,  ’76)  into  the 
last  of  the  zoea  stages,  the  metazoea  (Claus,  ’85).  The  anatomy  of 
the  glaucothoe,  however,  remained  almost  unknown  and  the  details 
of  the  metamorphosis  to  the  adult  form  obscure.  For  as  already 
noted,  considerable  uncertainty  existed  as  to  whether  the  larva 
passed  to  the  adolescent  phase  directly  or  gradually.  Since 
Agassiz’s  note,  no  work  has  given  us  much  additional  data  regard¬ 
ing  this  most  important  point  in  the  whole  development.  For  the 
recent  articles  by  Sars  (’89)  and  Czerniavsky  (’84)  do  not  deal  with 
the  postzoeal  stage  except  to  depict  the  external  form,  although 
they  are  valuable  records  for  several  genera  and  species  of  hermit 
crabs. 

The  present  research,  then,  was  undertaken  in  the  hope  that 
through  a  study  of  the  anatomy  from  the  time  of  hatching  until  the 
adult  form  was  attained,  and  through  examination  of  the  role  of  the 
shell  in  the  development,  some  knowledge  of  this  almost  untouched 
field  might  be  obtained.  The  study  was  carried  on  during  the  three 
years  prior  to  1902  at  Brown  university  and  at  the  laboratory  of 
the  United  States  fish  commission  at  Woods  Hole.  I  wish  to 
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express  my  especial  gratitude  to  Dr.  H.  C.  Bumpus,  now  director  of 
the  American  museum  of  natural  history,  for  the  assistance  and 
guidance  furnished  me  throughout  the  work  at  both  institutions.  I 
am  also  indebted  to  Dr.  A.  D.  Mead,  of  Brown  university,  and  to 
Dr.  H.  M.  Smith,  of  the  United  States  fish  commission,  for  ample 
provision  extended  to  me  during  my  study. 


The  Adult  Crab. 

Throughout  the  region  about  Woods  Hole,  the  genus  Eupagurus 
is  practically  supreme  and  is  represented  there  in  the  shallower 
waters  by  four  species,  viz. :  long  {carpus,  annulipes ,  acadianus, 
which  is  apparently  only  a  variety  of  the  European  bernhardus , 
and  pollicaris.  Of  these,  E.  longicarpus  is  the  only  one  generally 
distributed  along  the  shore.  It  is  extremely  abundant  and  extends 
from  tide-water  to  a  depth  of  about  twenty-five  fathoms  and  is 
associated  over  the  lower  limits  of  its  range  with  acadianus  which 
is  a  deeper-water  species,  and  in  the  shallow  waters  with  pollicaris 
and  annulipes ,  but  of  these  only  pollicaris  occurs  along  shore  and 
then  only  in  a  few  localities. 

Because  of  its  distribution  and  abundance,  E.  longicarpus  was 
selected  for  the  present  research.  But  after  much  of  the  work  had 
been  completed,  it  was  discovered  that  the  larvae  of  annulipes  could 
not  be  distinguished  from  those  of  the  selected  species,  as  their 
slightly  smaller  size  furnished  no  adequate  criterion  for  their  separa¬ 
tion.  Whenever  the  annulipes  larvae  were  unusually  abundant, 
as  was  shown  by  the  occurrence  of  their  adolescent  stages  in  the 
experiments,  I  could  note  no  difference  in  the  ontogeny  from  the 
periods  when  undoubted  longicarpus  predominated.  In  sections 
also,  the  smaller  specimens  of  any  stage,  presumptive  annulipes , 
were  wholly  like  their  larger  companions.  This  is  perfectly  in 
accord  with  what  we  know  of  the  adults  themselves.  Eupagurus 
longicarpus  and  E.  annulipes  differ  only  in  specific  details.  E. 
longicarpus  is  the  larger,  has  slender  chelipeds  and  its  coloration  is 
diffuse.  E.  annulipes ,  on  the  other  hand,  has  stout  chelipeds  and 
prominent  belts  of  brown  pigment  on  the  anterior  thoracic  limbs. 
My  research  is  therefore  not  invalidated,  but  rather  enriched  by  the 
confusion.  It  becomes  a  life  history  of  two,  instead  of  one  species. 
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The  majority  of  the  larvae  handled  belonged  to  E.  longicarpus  and 
it  is  fitting  therefore  that  this  species  should  be  described  rather  than 
E.  annulipes.  But  the  following  account  is  applicable  to  the  latter 
and  to  the  other  species  of  the  genus  also. 

Like  many  other  Decapods,  Eupagurus  longicarpus  is  crepuscular 
and  during  the  day  a  majority  of  individuals  remain  buried  in  the 
sand  or  congregated  in  the  shade.  They  are  omnivorous  and  must 
glean  very  closely,  as  they  pick  up  bits  of  gravel  or  detritus  from 
the  bottom  and  brush  them  over  between  the  maxillipeds.  They 
also  toss  sand  —  usually  with  the  smaller  cheliped  only  —  to  the 
mouth  parts,  brush  it  between  them  and  let  the  grains  fall  again  in 

it  is  in  this  manner  that  they 
obtain  the  diatoms  and  foraminifera,  which  are  found  in  the  stomach 
and  intestine.  But  although  the  food  is  thus  very  largely  diatoma- 
ceous,  no  sort  of  vegetable  or  animal  matter  is  refused. 

The  asymmetry  is  dextral.  The  chelipeds  and  the  two  following 
pairs  of  limbs  are  larger  on  the  right  than  on  the  left  side.  The 
abdomen  is  spirally  twisted  to  the  right  and  only  the  sixth  segment, 
telson,  and  first  segment  are  heavily  calcified.  The  remainder  and 
major  portion  is  soft  and  bloated.  The  boundaries  of  the  segments 
are  lost,  except  dorsally  where  the  posterior  borders  of  the  terga 
can  be  traced,  and  show  that  the  fourth  and  fifth  segments  are  elon¬ 
gate,  while  the  second  and  third  are  shortened.  The  sternum  of 
the  first  segment  or  peduncle  is  indistinguishably  fused  with  the 
sternum  of  the  last  thoracic  segment.  The  peduncle  bears  no 
appendages  and  the  four  succeeding  segments  have  no  pleopod  on 
the  right  side.  On  the  left  side,  the  female  has  a  large  biramous 
pleopod  on  the  second,  third,  and  fourth  segments  and  a  smaller 
pleopod  with  a  minute  internal  ramus  on  the  fifth  (pi.  6,  fig.  24); 
while  the  male  has  a  pleopod  similar  in  shape  to  the  most  posterior 
of  the  female’s  series  on  the  third,  fourth,  and  fifth  segments,  but 
no  pleopod  on  the  second  segment  (pi.  6,  fig.  25).  The  uropods 
are  alike  in  the  two  sexes  and  the  left  is  the  larger  (pi.  7,  fig.  31a). 

The  greater  development  of  the  female’s  pleopods  is  probably 
correlated  with  their  use  during  the  breeding  season  when  the  eggs 
are  borne  on  the  hairs  of  their  borders.  It  must  not  be  hastily 
assumed,  however,  that  the  pleopods  of  the  male  have  no  function. 
"W  hile  watching  adolescent  crabs  that  were  inhabiting  straight  glass 
shells  I  have  noticed  that  their  pleopods  were  at  times  waved  in  the 


a  continuous  stream.  Probably 
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water.  This  suggests  a  possible  function  for  these  appendages  in 
both  sexes  to  reinforce  the  current  in  the  shell  which  is  primarily 
induced  by  the  branchial  outflow  and  movements  of  the  body.  Bate 
(’50)  records  a  similar  movement  of  the  appendages  in  female  hermit 
crabs  which  were  bearing  eggs.  The  role  played  by  the  sensory  hairs 
on  these  appendages  must  be  nearly  equivalent  in  both  sexes. 

A  large  columella  prominence  is  present.  Although  it  has  been 

suggested  that  this  organ  aids  the  crab  in  maintaining  a  firm  hold 

on  its  shell,  I  feel  that  this  cannot  be  a  complete  explanation  for  the 

existence  of  the  structure.  If  it  serves  this  function  at  all,  it  must 

be  mainly  passively,  in  conforming  the  body  more  perfectly  to  the 

columella  angle  of  the  shell  chamber.  Moreover,  it  is  not  a  very 

muscular  organ  even  in  the  genera  in  which  it  is  well  developed  and 

it  is  only  imperfectly  developed  in  a  large  number  of  hermit  crabs. 

Our  species  of  Eupagurus  maintain  their  hold  on  the  shell  chiefly  by 

the  grip  of  the  calcified  telson  and  uropods  on  the  columella, 

while  the  tuberculated  areas  on  the  posterior  thoracic  limbs  and 

uropods  may  lend  assistance.  The  chitin  over  the  venter  of 

the  abdomen  also  is  roughened  with  fine  transverse  lines.  When 

an  attempt  is  made  to  dislodge  a  crab  by  traction  on  its  limbs,  an 

additional  resistance  is  often  obtained  by  the  elevation  of  the  rostral 

«/ 

region  of  the  carapace  against  the  roof  of  the  chamber. 

The  breeding  period  of  E.  longicarpus  is  very  long.  Females 
with  eggs  attached  to  the  pleopods  can  be  obtained  from  May  until 
mid-September.  The  zoeae  begin  to  appear  in  the  auftrieb  in  the 
latter  part  of  June  and  are  very  abundant  during  July  and  August. 
The  glaueothoe  can  be  obtained  as  late  as  October.  Our  knowl¬ 
edge  of  the  breeding  period  of  the  remaining  species  of  Eupagurus 
is  imperfect.  E.  ar.mulipes  breeds  over  practically  the  same  period 
as  longicarpus ,  ceasing  a  little  earlier  in  the  fall.  Zoeae  that  agree 
closely  with  Sars’  (’89)  description  of  the  zoeae  of  E.  bernhardus 
occur  scatteringly  throughout  the  summer.  Quite  likely  these  are 
the  larvae  of  acadianus.  The  glaueothoe,  however,  has  eight  instead 
of  the  ten  telson  bristles  shown  in  Sars’  plate.  The  young  of 
pollicaris  have  not  been  identified  and  most  of  them  are  probably 
liberated  in  June,  though  females  with  eggs  are  taken  during  July. 
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General  Account  of  the  Metamorphosis. 

The  eggs  and  young  of  Eupagurus  are  very  sensitive.  Zoeae 
were  hatched  in  confinement  with  great  difficulty  and  as  they  invari¬ 
ably  died  in  a  few  hours  it  was  necessary  to  collect  all  material 
directly  from  the  auftrieb.  Even  zoeae  collected  in  this  way  could 
not  endure  more  than  one  moult  and  although  the  later  phases  were 
much  more  resistant,  they  were  nevertheless  delicate  as  compared 
with  the  young  of  many  other  Decapods. 

The  most  vital  factors  in  rearing  crab  larvae  seem  to  be  cleanli¬ 
ness  and  an  -even,  moderate,  water  temperature.  The  following 
method  for  rearing  the  young,  although  not  original,  is  recorded 
here  because  it  was  by  far  the  most  satisfactory  of  those  tried.  In 
the  end  it  was  exclusively  used.  The  young  were  kept  in  covered 
dishes  of  clean  sea-water  which  was  in  sufficient  volume  to  render 
unnecessary  the  use  of  algae  for  aeration.  The  water  was  changed 
daily,  or  in  hot  weather  oftener,  and  to  ensure  a  constant  tempera¬ 
ture  the  dishes  were  partly  immersed  in  running  water  or  suspended 
in  large  aquaria.  Diatoms,  collected  with  a  fine  net  or  scraped  from 
submerged  objects,  were  the  most  satisfactory  food,  but  animal  food 
was  also  given. 

Woods  Hole  offers  especial  advantages  for  the  study  of  crusta¬ 
cean  development.  Strong  currents  prevail  in  the  neighboring 
waters,  and  one  of  these  rushes  past  the  wharves  of  the  Fish  Com¬ 
mission  station  during  part  of  each  tide  and  a  large  “tow  net”  may 
simply  be  suspended  in  this  current  and  emptied  at  convenient  inter¬ 
vals.  Also,  at  those  times  when  there  is  a  paucity  of  animal  life  in 
the  water,  the  numerous  “  slicks  ”  caused  by  conflicting  currents 
and  back-sets,  may  prove  an  excellent  resource,  as  the  plankton  is 
concentrated  in  these  areas. 

Zoea phase. —  The  zoeae  of  longicarpus  and  annulipes  (pi.  4,  fig. 
1-4)  have  the  characteristic  Pagurid  form:  without  carinae  or 
spines ;  with  long,  straight  rostrum ;  hind  angles  of  carapace  pro¬ 
duced;  swollen  compound  eyes,  and  third  maxilliped  rudimentary  at 
time  of  hatching.  The  transparent  body  is  pigmented  with  con¬ 
tractile  scarlet  and  yellow  chromatophores,  and  the  eyes  are  black 
with  yellow  pigment  diffused  over  the  surface.  No  trace  of  a 
median  eye  can  be  found.  The  stomach  and  intestine  are  usually 
■clean,  as  but  little  food  is  taken  during  the  phase.  The  livers  con- 
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tain  strongly  refractive,  yellowish  globules.  These  larvae  are  pho¬ 
totactic,  though  to  a  less  degree  than  Brachyuran  zoeae,  and  in  a 
glass  vessel  range  themselves  head  downwards  against  the  lighted 
side.  They  swim  tail  foremost,  and  rather  slowly  and  steadily. 
The  surfaces  of  the  body,  however,  are  not  definitely  oriented, 
though  either  the  dorsal  or  ventral  are  uppermost  more  frequently 
than  the  lateral.  This  lack  of  orientation  seems  to  be  correlated 
with  the  complete  absence  of  otocysts  in  the  three  earlier  stages  and 
with  the  undeveloped  condition  of  these  organs  in  the  fourth  stage 
or  metazoea.  While  swimming,  the  eyes,  antennae,  and  uropods 
are  invariably  held  in  the  positions  shown  in  figure  4  (plate  4). 

In  captivity,  the  moults  between  the  successive  stages  usually 
take  place  at  night  or  in  the  early  morning,  and  the  larvae  sink  to 
the  bottom  of  the  aquarium  and  remain  quiescent  for  a  considerable 
period  previous  to  the  actual  ecdysis.  The  manner  of  moulting 
under  natural  conditions  could  not  be  determined. 

The  length  of  the  zoea  phase  and  of  its  several  stages  is  not 
known.  The  occurrence  of  the  successive  stages  in  the  auftrieb 
indicates  that  the  phase  possibly  extends  through  only  two  or  three 
weeks.  But  little  reliance,  however,  can  be  placed  upon  data  of 
this  class,  and  it  is  very  probable  that  the  period  varies  with  the 
external  conditions,  as  is  the  case  with  other  crustacean  larvae. 

In  our  Eupagurids,  the  zoea  phase  comprises  four  stages,  which 
may  be  separated  as  follows  :  — 

First  Zoea. 

Third  maxilliped  rudimentary  (pi.  4,  fig.  1)  ;  sixth  abdominal 
segment  not  distinct  from  telson;  exopods  of  maxillipeds 
with  four  feathered  setae ;  thoracic  limbs  as  a  simple  mass  of 
undifferentiated  tissue.  Length,  1.9-2. 7  mm.1 

Second  Zoea. 

Exopod  of  third  maxilliped  functional  as  swimming-foot ; 
endopod  barely  indicated  (pi.  6,  fig.  142) ;  exopods  of  maxil¬ 
lipeds  with  six  setae ;  anlagen  of  nropods  as  a  band  of  tissue 
along  each  side  of  the  telson  (pi.  7,  fig.  31 2) ;  thoracic  limbs 
distinct,  rudimentary,  fourth  pair  excessively  long,  fifth  pair 
short  and  concealed  beneath  others  (these  proportions  are 
found  also  in  the  two  following  stages).  Length,  2.7-8  mm.1 

1  Including  as  they  do  the  larvae  of  two  species,  all  the  measurements  have 
an  unduly  extended  range. 
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Th  ird  Zoea. 

Uropods  present,  and  sixth  abdominal  segment  distinct; 
exopods  with  seven  setae;  rudiments  of  the  gills  on  second, 
third,  and  fourth  limbs.  Length,  3.5-4  mm.1 

Fourth  Zoea ,  Metazoea. 

Limb  rudiments  very  large,  dactylus  of  cheliped  distinct ; 
rudimentary  pleopods  present;  gill  rudiments  for  chelipeds 
present;  right  cheliped  obviously  larger  than  left  —  this 
condition  of  the  chelipeds  may  possibly  date  from  the  third 
zoea ;  maxillipedal  exopods  with  eight  setae ;  uropods  sym¬ 
metrical  ;  mandibles  without  palpus  rudiment.  Length,  circa 
4  mm.1 

Faxon  (’82)  described  four  zoea  stages  identical  with  these  four, 
and  it  is  likely  that  he  studied  larvae  belonging  either  to  Fupagurus 
longicarpus  or  to  annulipes.  Other  investigators  have  not  recorded 
so  many  stages.  None  of  them  describes  the  second  zoea,  unless  one 
of  the  figures,  no.  52,  in  Claus’s  “  Zur  Kenntniss  der  Kreislaufs- 
organe  ”  (’84),  corresponds  to  it.  But  it  should  not  be  assumed 
that  this  stage  is  typically  absent  from  the  zoea  phase  of  the  various 
Pagurids,  for  it  closely  resembles  the  first  stage  and  might  readily 
be  overlooked.  My  third  zoea  corresponds  to  Rathke’s  (’40,  ’42) 
“young  of  one  and  three-fourths  lines”  and  to  Claus’s  ('61) 
“spateres  Stadium.”  The  other  writers  make  no  mention  of  a 
similar  stage.  The  metazoea  has  been  repeatedly  noted.  Rathke 
(’40,  ’42)  termed  it,  “young  over  two  lines  long  ” ;  Bate  (’68),  “  what 
we  take  to  be  the  second  stage”;  Claus,  “ Mysisstadium  ”  (’76), 
“Metazoea”  (’85);  and  Sars  ('89) ,“ last  larval  stage,”  “last  stage 
before  moult  to  adolescent  stage.” 

Postzoeal  phase. —  The  postzoeal  phase  includes  only  one  stage, 
the  fifth  or  glaucotlioe  (pi.  4,  fig.  5).  The  larva  is  now  2. 8-3. 3 
mm.  long  and  is  Macruran  in  form  with  symmetrical  abdomen  and 
with  pleopods  on  the  second  to  the  fifth  segment.  The  uropods 
are  asymmetrical  as  in  the  adult,  and  the  thoracic  appendages  are  on 
the  whole  adult  in  type  and  proportions.  A  few  tubercles  on  the 
posterior  thoracic  limbs  and  on  the  uropods  (pi.  6,  figs.  19,  20;  pi.  7, 
fig.  31.)  represent  the  future  tuberculated  areas.  The  sternum  of 

1  Including  as  they  do  the  larvae  of  two  species,  all  the  measurements  have 
an  unduly  extended  range. 
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the  first  abdominal  segment,  which  is  not  very  wide  at  any  time,  can 
no  longer  be  detected  in  sections.  The  otocysts  are  functional  and 
orientation  is  definite.  Internally  the  livers,  lateral  caeca,  green 
glands,  and  sexual  glands  are  thoracic.  The  unpaired  intestinal 
caecum  is  lacking  and  the  muscles  and  blood  vessels  are  similar  to 
those  of  Macrurous  Decapoda. 

In  color,  the  glaucothoe  resemble  zoeae  except  that  the  branches 
of  the  yellow  chromatophores  form  a  fine  network  over  the  limbs 
and  carapace  and  produce  a  grayish  effect.  As  before,  the  stomach 
and  intestine  are  usually  empty  and  transparent  and  the  livers  con¬ 
tain  refractive  globules. 

Glaucothoe  are  found  at  the  surface,  either  swimming  or  clinging 
to  floating  seaweed  and  seem  to  be  more  abundant  at  night.  When 
swimming,  the  dorsal  surface  is  uppermost,  the  abdomen  is  extended 
while  the  limbs  are  either  extended  or  hang  stiffly  down.  Though 
phototaxis  is  still  present,  at  times  individuals  cease  swimming  and 
crawl  about  on  the  bottom  of  the  aquarium.  These  examine  the 
objects  in  their  path,  and  if  they  find  a  shell  or  other  hollow  object, 
may  enter  it  and  abandon  the  free-swimming  life.  Quite  frequently, 
however,  after  a  brief  exploration  the  larva  will  recommence  swim¬ 
ming.  More  rarely,  a  glaucothoe  that  has  already  entered  a  house 
will  abandon  it.  As  the  sixth  stage  approaches,  the  desire  for  a 
covering  for  the  body  becomes  stronger  with  the  alterations  in  struc¬ 
ture  until  it  is  almost  impossible  to  keep  the  larvae  “naked.”  They 
use  all  available  objects  or  ensconse  themselves  in  crevices.  A  house 
may  be  taken  at  any  time  during  the  phase,  but  a  short  period  of 
free- swimming  life  is  typical. 

Not  infrequently  a  glaucothoe  will  remove  bits  of  rubbish  from  a 
shell,  but  I  was  not  able  to  confirm  Agassiz’s  observations  (’75) 
where  his  young  tore  out  and  ate  dead  snails  and  then  used  the 
shells.  Glaucothoe,  according  to  my  observations,  take  but  little 
food.  If,  however,  his  reference  is  to  adolescent  crabs,  they  are 
quite  voracious  and  might  readily  eat  a  dead  snail,  though  I  have 
observed  nothing  of  the  sort.  It  is,  however,  scarcely  necessary  to 
assume  or  suggest  a  causal  sequence  between  this  act  and  the  use 
of  the  shell  for  a  dwelling. 

The  glaucothoe  stage  as  a  rule  lasts  only  four  or  five  days,  but 
during  this  time  a  profound  modification  of  structure  takes  place. 
The  livers,  sexual  glands,  and  green  glands  pass  into  the  abdomen, 
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the  circulatory  system  is  modified,  and  the  muscles  and  pleopods 
degenerate,  so  that  before  the  moult  to  the  sixth  stage  closes  the 
period,  the  anatomy  has  become  adult  in  plan.  This  metamorphosis 
is  not  dependent  on  the  presence  of  a  body  covering,  but  completes 
itself  perfectly  in  larvae  which  are  prevented  from  obtaining  a  shell. 
The  whole  animal  also  becomes  less  transparent,  the  chelipeds 
become  white,  and  brown  bands  appear  on  the  posterior  pereiopods, 
a  coloration  recalling  that  found  in  the  adult  Eupagurus  annulipes. 

The  moult  to  the  sixth  stage  is  preceded  by  a  brief  period  of 
quiescence,  and  in  the  few  cases  observed,  the  actual  ecdysis  was 
rapid.  Either  the  integument  of  the  thorax  is  sloughed  first  and 
that  of  the  abdomen  later,  or  the  entire  integument  is  sloughed  in 
one  piece.  The  latter  method  seems  to  be  the  rule  for  the  zoeal 
ecdyses,  while  the  former  is  more  frequently  the  rule  in  the  adult, 
and  the  abdominal  exuvium  is  usually  badly  torn  in  the  process. 

The  glaucothoe  stage  is  the  “noch  altern  Jungern  ”  of  Rathke 
(’40,  ’42);  the  “ Glaucothoestufe  ”  of  Muller  (’64) ;  the  “third  stage  ” 
of  Bate  (’68) ;  “stage  when  it  seeks  a  shell”  of  Agassiz  (’75),  anrl 
the  “first  postlarval,”  “first  adolescent”  of  Sars  (’89).  It  is  not 
mentioned  by  other  workers  with  the  exception  of  Czerniavsky  (’84).  • 

Adolescent  phase. —  “  Adolescent  phase  ”  is  more  a  convenient 
term  under  which  to  discuss  the  development  during  the  earlier 
postlarval  life,  before  the  adult  anatomy  is  fully  attained,  than  a 
definitely  limited  period.  There  is  also  little  to  be  gained  by  an 
attempt  to  separate  the  numerous  stages  which  may  be  included 
within  it.  The  crab  has  the  adult  structural  plan  before  the  close 
of  the  glaucothoe  period,  but  all  the  organs  must  still  undergo  devel¬ 
opment  to  realize  fully  the  adult  structure.  The  length  of  this 
process  varies  widely  in  different  parts. 

Sixth-stage  larvae  are  of  the  same  size  as  glaucothoe,  and  the 
specific  adult  form  may  be  attained  before  much  growth  occurs. 
After  about  forty  days  have  passed,  the  young  reach  a  length  of 
from  five  to  eight  millimeters.  The  sixth  stage  lasts  from  six  to 
twelve  days,  but  the  later  moults  are  irregular  and  crabs  of  the 
same  age  may  be  very  unlike  in  size  and  development.  The 
manner  of  life  in  all  the  adolescent  stages  is  that  of  the  adult,  and 
food  is  taken  abundantly  almost  immediately  after  the  moult  from 
the  glaucothoe. 

The  sixth  stage  retains  the  anmdipes  color,  handed  to  it  by  the 
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glaucothoe  (pi.  4,  fig.  6).  With  the  seventh  stage,  however,  the 
longicarpus  young  become  separable  from  annulipes  larvae,  as  in 
them  the  brown  bands  are  lost.  The  full  adult  colors  and  the  com¬ 
plete  specific  form  are  not  attained  until  about  the  twentieth  day 
from  the  glaucothoe.  The  sixth  stage  also  has  a  nine-jointed 
antennal  flagellum  and  certain  retrogressive  alterations  in  the 
mouth  parts,  which  are  legacies  from  the  glaucothoe  (pi.  5,  figs.  10, 
12,  13).  The  elongation  of  the  flagellum  is  very  gradual,  the 
nine-jointed  condition  often  persisting  till  the  eighth  stage,  while 
crabs  forty  days  from  the  glaucothoe  have  only  17  or  27  joints. 

The  metamorphosis  of  the  pleopods  during  this  period  is  of  special 
interest.  At  no  time  are  there  any  traces  of  appendages  on  the 
peduncle,  which  is  interesting  when  we  remember  that  some  Pagu- 
rids,  as  for  example,  Sympagurus  and  Paguristes,  have  pleopods  on 
this  segment  in  the  adult.  Typically,  the  sixth  stage  has  no  append¬ 
ages  on  the  right  side  of  the  abdomen,  except  the  uropod,  but  on  the 
left  the  pleopods  are  well  developed  on  segment  three  to  five  and  are 
of  the  type  found  in  the  glaucothoe,  i.  e.,  they  resemble  those  of  the 
adult  male.  On  the  second  segment  the  pleopod  is  reduced  to  a 
mere  rudiment  (pi.  4,  fig.  6).  About  nineteen  percent  of  reared 
sixth-stage  larvae,  however,  retain  rudiments  of  one  or  more  of  the 
right  hand  pleopods.  The  typical  reduction  may  be  expressed  in  a 
formula,  by  use  of  R  for  an  appendage  which  is  retained  intact,  Ru 
for  a  rudimentary  appendage,  and  O  to  denote  the  loss  of  an 
appendage.  The  non-typical  reductions  are  dealt  with  in  another 
part  of  this  paper. 

Glaucothoe.  Sixth  Stage.  Adult  Male.  Adult  Female. 
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At  the  moult  to  the  seventh  stage  or,  more  rarely,  at  the  next 
following  moult,  the  retained  rudiments  are  lost,  except  the  one  on 
the  second  segment  in  those  crabs  which  will  become  females.  But 
although  sex  can  be  recognized  thus  early,  not  less  than  a  year  and 
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probably  a  still  longer  time  must  elapse  before  sexual  maturity  is 
attained.  In  the  young  females  the  rudiment  on  the  second  seg¬ 
ment  begins  to  develop  into  a  perfect  pleopod  at  about  thirty  days 
from  the  glaucothoe.  The  remaining  pleopods,  and  in  many 
instances,  this  one  also,  do  not  begin  to  alter  to  the  female  type 
until  ten  days  later,  and  the  development  of  this  type  requires 
several  moults  for  its  full  completion. 

The  sixth  stage  was  figured  by  Faxon  (’82),  and  described  by 
Agassiz  (’75)  as  “  stage  when  the}7  need  a  shell.’'1  The  later  ado¬ 
lescent  stages  have  not  been  recorded  by  anyone. 


Special  Account  of  the  Metamorphosis. 

The  account  of  the  development  that  has  already  been  given 
has  briefly  described  the  plan  of  the  anatomy  in  the  larval  stages 
and  shown  how  this  gives  place  to  the  adult  type  of  structure  in 
the  glaucothoe  phase.  In  the  present  chapter  it  is  proposed  to 
discuss  in  more  detail  the  larval  anatomy  and  the  modifications  by 
which  the  adult  type  is  produced. 

Technique. —  In  this  work,  microscopical  examination  of  living 
larvae  or  of  specimens  cleared  in  cedar  oil  gave  only  dubious  results 
and  therefore  it  was  necessary  throughout  to  employ  serial  sections. 
No  killing  fluid  was  uniformly  satisfactory  because  of  the  difficulties 
of  penetration  and  because  the  same  tissues  in  different  stages  do 
not  react  in  the  same  way  to  a  reagent.  The  best  and  most  reliable 
solutions  used  were  a  saturated  aqueous  solution  of  picric  acid,  five 
percent  picro-acetic,  and  the  stronger  solution  of  Flemming.  The 
brown  stain  produced  in  the  contents  of  the  liver  cells  was  a  serious 
objection  to  the  use  of  the  otherwise  excellent  reagents  of  the  vom 
Rath  series,  and  the  lime  salts  in  the  integument  in  all  stages  barred 
picrosuiphuric.  Perenyi’s  fluid  and  corrosive  sublimate  in  its  various 
forms,  the  latter  admitted  by  incision,  though  they  frequently  gave 
excellent  fixations,  were  uncertain  in  action. 

To  prevent  injury  to  the  delicate  tissues  after  fixation,  all  the  mate¬ 
rial  was  imbedded  in  paraffin  from  xylol  as  soon  as  possible.  The 
integument  in  this  connection  offered  no  obstacle  to  penetration  or 
dehydration.  In  sectioning,  however,  it  was  troublesome,  forcing 
me  to  cut  with  a  thickness  of  ten  micra.  Selective  staining  was 
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found  essential  to  good  work,  and  iron-alum  haematoxylin,  counter- 
stained  with  orange  G  or  Bordeaux  red  proved  especially  valuable. 

It  was  necessary  to  cut  sections  in  both  sagitto-longitudinal  and 
transverse  planes,  for,  although  transverse  sections  are  the  more 
generally  valuable,  the  others  are  essential  for  purposes  of  compari¬ 
son  and  absolutely  indispensable  in  studying  the  muscles  of  the 
abdomen.  It  was  found  advantageous,  though  not  absolutely  neces¬ 
sary,  to  have  in  addition  to  these  last,  a  few  corono-longitudinal  sec¬ 
tions  of  each  stage. 

External  anatomy . —  The  development  of  the  form  of  the  body 
has  already  been  in  the  main  adequately  treated  in  the  preceding 
chapter,  while  the  details  of  the  development  of  the  appendages  will 
be  better  understood  from  the  figures  on  plates  5,  6,  and  7,  than 
from  any  description.  It  remains,  therefore,  in  this  section,  to  speak 
of  the  telson  and  gills  only. 

The  telson  (pi.  7,  fig.  31)  in  the  first  zoea  bears  on  each  side  of 
the  median  marginal  notch  five  feathered  spines  (1-5),  a  minute 
bristle  (6),  and  the  short,  smooth  spur  of  the  angle  (7);  The  for¬ 
mula  is:  1,  2,  3,  4,  5,  6,  7.  In  the  second  stage,  a  pair  of  new 
spines  (1')  are  added  within  the  older  series.  The  tips  of  the  uropods 
as  they  develop,  are  sheathed  within  the  angle  spur  (7)  and  this  is 
consequently  lost  when  these  appendages,  become  free.  The  angle 
spur  of  the  third  zoea  is  a  new  structure  (x).  The  third  and  fourth 
stages  have  the  same  telson  formula:  1',  1,  2,  3,  4,  5,  6,  x,  and  in 
both,  spine  4  is  short  and  smooth.  The  eight  setae  on  the  border 
of  the  telson  of  the  glaucothoe  represent  spines  1',  1,  2,  and  3  of  the 
zoeal  series.  The  median  cleft  appears  with  the  sixth  stage,  and  the 
adult  form  is  attained  with  the  seventh  stage.  The  moderate  length 
of  spine  4  in  the  earlier,  and  its  short  spur-like  form  in  the  later 
zoea  stages  serve  to  differentiate  the  zoeae  of  longicarpus  and 
annidipes  from  the  zoea  that  I  have  assigned  to  acadianus  and 
from  the  larva  of  the  European  bernhardus  (Rathke,  ’42;  Sars,  ’89), 
in  both  of  which  these  spines  are  smooth  and  elongate  throughout 
the  zoea  phase. 

As  already  noted,  the  gills  become  functional  with  the  glaucothoe 
stage.  At  this  time  they  are  present  in  the  same  number  and 
arrangement  as  in  the  adult  crab,  viz. :  — 
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The  larger  posterior  gills  are  provided  with  two  short  rows  of  ova 
lamellae,  but  the  smaller  anterior  ones  show  at  most  only  two  or 
three  plates  each.  The  gills  on  the  maxilliped  and  cheliped  seg¬ 
ments  are  simple  and  the  maxillipedal  pair  are  so  minute  as  to  be 
invisible  in  surface  views.  They  cannot  be  detected,  either,  in  some 
excellent  sections.  But  since  they  are  very  plainly  shown  in  all 
sections  of  mature  glaucothoe  and  most  of  the  sections  in  which  they 
cannot  be  seen  are  of  younger  specimens,  it  may  be  presumed  that 
they  arise  during  the  period.  In  this  case  it  scarcely  seems  possible 
to  refer  their  occasional  absence  to  error  in  interpretation,  although 
such  outpushings  of  the  body  wall  usually  appear  at  and  not  between 
the  ecdyses.  Whenever  present  they  are  very  distinctly  shown  in 
sections  cut  in  any  plane. 

The  sixth-stage  larva  has  cheliped  gills  that  are  divided  into 
two  or  three  lamellae,  but  its  maxillipedal  gills  are  still  simple. 
These  latter  reach  a  trilamellate  condition  at  about  the  fortieth 
day  from  the  glaucothoe  phase.  One  crab  eighty  days  from  the 
glaucothoe  phase  showed  an  anterior  maxillipedal  gill  with  four, 
a  posterior  with  twelve  pairs  of  lamellae. 

Internal  anatomy. —  A  brief  description  of  the  stomach  of  the 
adult  crab  is  a  necessary  preliminary  to  the  description  of  the  con¬ 
struction  of  this  organ  in  the  larvae,  but  it  may  be  limited  in  scope 
to  an  account  of  the  topography.  No  details  of  the  ossicles  are 
necessary,  since  these  cannot  be  worked  out  in  the  serial  sections  of 
the  developmental  stages. 

The  stomach  of  the  adult  (pi.  9,  fig.  57)  has  a  cardiac  portion  of 
more  than  twice  the  length  of  the  pyloric.  The  cardio-pyloric  valve 
is  crowned  with  blunt  setae.  Each  lateral  tooth  consists  of  two 
rounded  tubercles,  a  comb  of  transverse  rugae,  and  a  hairy  terminal 
process.  The  oesophageal  opening  is  guarded  by  a  pair  of  upper 
and  lower  oesophageal  plates.  The  pylorus  is  broadened  laterally 
into  a  pair  of  shallow  upper,  and  prominent  lower  pyloric  pouches 
(pi.  9,  fig.  57,  52,  upp,  Ipp).  The  latter  have  their  inner  surfaces 
densely  clothed  with  long  setae,  and  above,  the  wall  of  the  pylorus 
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projects  into  the  lumen  in  a  prominent  crest,  the  lateral-valve  ridge 
(lor),  which  terminates  posteriorly  as  the  lateral  pyloro-intestinal 
valve.  These  valves  are  united  with  the  dorso-lateral  and  the  min¬ 
ute,  median,  dorsal  valve  for  a  space  (pi.  9,  fig.  58,  do,  dlo,  lo)  so 
that  these  valves  enter  the  intestine  as  a  continuous  curtain. 

Throughout  the  zoea  phase,  the  stomach  (pi.  9,  fig.  55)  has  a 
deep  and  narrow  cardiac  portion,  which  is  not  longer  than  the  pylo¬ 
rus,  and  chitin  is  poorly  developed  except  on  the  smooth  cardio- 
pyloric  valve.  There  is  no  dorsal  tooth  ;  the  lateral  teeth  are  simple 
and  project  upward  instead  of  horizontally  (pi.  9,  fig.  48,  It)  ;  the 
pyloro-intestinal  valves  are  not  united  and  are  three  in  number,  viz.  * 
the  paired  laterals  and  dorsal.  In  the  first  zoea  the  pylorus  is  with¬ 
out  pouches,  but  with  the  second  stage  an  area  on  either  side  of  the 
median  pyloric  valve  becomes  setose  and  in  the  fourth  stage  these 
areas  are  depressed  to  form  the  lateral  pouches.  The  cardiopyloric 
and  median  pyloric  valves  are  at  first  confluent,  but  become  distinct 
with  the  second  stage.  A  single  oesophageal  plate  appears  with  the 
fourth  stage. 

The  stomach  of  the  glaucothoe  (pi.  9,  fig.  56)  may  be  regarded  as 
transitional  in  type,  its  more  elongate  form,  horizontal  lateral  teeth 
(pi.  9,  fig.  51),  and  well  developed  lateral-valve  ridges  recalling  the 
stomach  of  the  adult.  There  are  indications  of  a  dorsal  tooth  ;  the 
pyloro-intestinal  valves  are  united ;  and  a  small  dorso  lateral  valve 
(dlo)  is  added  on  each  side.  In  other  respects  the  larval  characters 
persist.  No  metamorphosis  occurs  during  the  period  except  a 
change  in  the  mutual  relations  of  the  openings  from  the  livers  and 
lateral  caeca. 

The  sixth  stage  has  a  stomach  of  adult  type,  but  with  the  parts 
less  specialized.  The  upper  pyloric  pouches  are  still  wanting,  and 
they  are  probably  of  late  adolescent  development. 

In  the  intestine  of  the  Decapoda,  it  is  generally  accepted  that  the 
limits  of  the  chitinous  lining  are  coincident  with  the  limits  of  the 
post-  and  mid-guts.  But  until  this  is  supported  by  a  larger  body  of 
evidence,  it  is  perhaps  better  to  use  the  purely  descriptive  terms 
“  chitinous  ”  and  “  achitinous  ”  for  the  post-  and  mid-guts  respec¬ 
tively.  In  the  adult  Eupagurus  the  achitinous  gut  is  relatively 
shorter  than  usual,  as  the  chitinous  gut  only  extends  into  the  ante¬ 
rior  part  of  the  abdomen.  An  unpaired  caecum  —  first  described  by 
Swammerdam  in  1737  —  starts  from  the  right  side  of  the  achitinous 
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gut  in  the  rear  of  the  thorax,  turns  back  into  the  abdomen  and  lies 
there  in  a  coil  superficial  to  the  livers  (pi.  8,  fig.  46,  ic).  The  chiti- 
nous  gut  near  the  point  of  union  with  the  anterior  gut  has  the  usual 
series  of  prominent  folds,  the  methoria,  and  at  its  posterior  end  a 
rectum  is  differentiated.  This  occupies  the  sixth  segment  and  the 
telson. 

In  the  zoea  and  glaucothoe  phases  the  achitinous  gut  is  longer 
than  in  the  adult  and  extends  back  to  a  point  within  the  fifth  seg¬ 
ment  of  the  abdomen,  where  its  short,  columnar  cells  give  place  to 
the  larger,  more  vacuolated  cells  of  the  chitinous  gut  (pi.  9,  fig.  54, 
c/i  int).  Methoria  are  present  at  this  point  with  the  glaucothoe  and 
during  the  latter  part  of  this  period  the  unpaired  caecum  arises  as  an 
outpushing  of  the  dorsal  wall  of  the  achitinous  gut  just  cephalad  of 
these  folds.  As  soon  as  this  diverticulum  appears,  or  occasionally 
a  little  earlier,  the  chitinous  gut  begins  to  encroach  on  the  territory 
of  the  achitinous  gut.  Unfortunately,  however,  sections  throw  no 
light  on  the  mechanism  of  the  change,  but  a  series  of  specimens 
merely  shows  the  caecum,  methoria,  and  chitinous  lining  lying 
farther  and  farther  forward  in  the  abdomen,  until  with  the  earlier 
adolescent  stages  the  methoria  reach  their  definitive  position  in  the 
region  of  the  second  segment.  No  mitotic  figures  can  be  found  and 
although  histolysis  occurs  at  this  time  throughout  the  length  of  the 
gut,  it  is  not  especially  prominent. 

The  elongation  of  the  achitinous  gut  which  brings  the  proximal 
end  of  the  caecum  from  the  abdominal  into  its  definitive  thoracic 
position,  must  take  place  late  in  adolescent  life.  The  diverticulum 
was  still  wholly  abdominal  in  a  reared  specimen  two  months  past 
the  glaucothoe.  But  some  small  crabs  that  were  collected  at 
Wareham,  Mass.,  in  August,  1900,  showed  the  caecum  in  its  definitive 
relations.  The  a sre  of  these  crabs  was  not  known,  but  thev  were 
very  small  and  their  development  was  greatly  advanced  over  that 
of  larger,  reared  crabs  known  to  be  sixty  days  past  the  glaucothoe 
phase.  So  they  were  probably  about  a  year  old  ;  perhaps  two 
years  old. 

An  elongate  achitinous  gut  which  is  gradually  replaced  by  the 
chitinous  gut,  is  found  in  the  young  of  other  Decapods  besides 
Eupagurus.  For  these,  however,  I  have  only  fragmentary  records. 
An  examination  of  an  immature  Yirbius,  4  mm.  long,  and  of  a 
Crangon  with  a  length  of  6  mm.,  shows  no  methoria,  but  the 
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achitinous  gut  extends  back  as  far  as  the  fifth  abdominal  segment, 
A  similar  condition  is  found  in  Homarus  even  in  the  first  adolescent 
—  fourth  —  stage,  at  which  time  the  animal  is  adult  in  form  and  has 
a  caecum  developed  from  the  anterior  gut.  Among  Thalassinidsr 
the  older  zoeae  of  Geb'ici  affinis  and  Callianassa  stimpsoni  have  the 
union  of  the  two  regions  of  the  gut  in  the  fifth  abdominal  segment, 
and  in  all  the  preadolescent  stages  of  ISTaushonia  (M.  T.  Thompson,. 
:03)  this  relation  is  maintained  with  the  addition  of  methoria.  The 
metazoea  of  Hippa  talpoidea  has  the  methoria  in  the  anterior  part  of 
segment  five  of  the  abdomen,  but  in  the  first  adolescent  these  have 
moved  to  the  second  segment.  Among  the  Brachyura,  the  late 
zoea  of  Pinnotheres  displays  the  anterior  limit  of  chitin  at  the  fifth 
abdominal  segment  and  the  megalops  has  methoria  at  this  point. 
There  is  no  caecum  at  this  stage.  On  the  other  hand,  a  very  young 
zoea  referable  either  to  Cancer  or  to  Carcinus  showed  methoria  and 
a  well  developed  caecum  in  the  second  abdominal  segment.  The 
megalops  of  Callinectes  hastatus  likewise  has  these  parts  in  this 
anterior  segment  and  in  this  crab  they  have  moved  to  the  first 
segment  in  the  first  adolescent  stas:e.  Cancer  irroratus  has  the 
caecum  and  methoria  in  the  rear  of  the  thorax  in  both  metazoea 
and  megalops. 

The  livers  or  enteric  glands,  which  open  from  the  lateral  pyloric 
pouches  are  very  voluminous  in  the  adult  crab.  Each  consists  of  an 
axial  tube  from  which  arise  slender  lateral  diverticula.  The  latter 
are  long  and  numerous  along  the  abdominal  portion  of  the  axis,  but 
short  and  scantv  alonsr  the  thoracic.  Both  axis  and  tubules  have  a 

O 

wall  of  one  layer  of  cells  with  abundant  cytoplasm  (pi.  9,  fig.  53) 
vacuolated  and  laden  with  secretions.  At  intervals,  single  cells  or 
groups  of  cells,  either  granular,  or  more  usually  vacuolated,  project 
into  the  lumen  and  partly  occlude  it.  Proper  fixation  of  these 
tissues  is  difficult  and  they  do  not  stain  readily. 

Immediately  caudad  from  the  openings  of  the  livers  into  the 
pylorus,  a  pair  of  lateral  caeca  arise.  These  he  one  on  either  side 
of  the  stomach  in  an  irregular  coil.  The  cells  of  their  walls  are 
distinguishable  from  those  of  the  livers  by  the  absence  of  secretions 
and  vacuoles,  and  by  the  ease  with  which  they  may  be  fixed 
and  stained. 

* 

During  the  zoea  phase,  the  livers  are  cephalic  in  position  (pi.  8, 
fig.  34-37).  Each  communicates  with  the  pylorus  by  an  extensive 
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opening  and  presents  four  diverticula:  anterior,  lateral,  dorsal,  and 
posterior  lobes.  The  cells  of  these  glands  are  vacuolated  and 
distended  by  deposits  of  a  highly  refractive  yellow  substance  that 
stains  black  with  osrnic  acid.  As  in  the  adult,  cells  or  groups  of 
cells  may  partly  occlude  the  lumen,  and  during  the  fourth  zoea  and 
glaucotkoe  stages  this  phenomenon  reaches  its  climax  (pi.  9,  fig.  58). 
The  lateral  caeca  at  this  time  are  rounded  glands  which  resemble 
the  livers  in  histolog}^  and  in  reactions  to  reagents.  Posteriorly  they 
become  approximated  and  enter  the  main  canal  dorso-laterally  at 
the  origin  of  the  intestine,  ten  or  even  twenty  micra  cephalad  from 
the  openings  of  the  livers  (pi.  9,  figs.  48,  49,  50). 

The  livers  and  lateral  caeca  of  the  glaucothoe  have  at  first  the 
same  relations  as  in  the  zoeae  except  that  they  extend  within  the 
newly  developed  thorax  (pi.  8,  fig.  38).  The  lateral  caeca  are 
insignificant  in  size  throughout  the  phase,  and  undergo  no  meta¬ 
morphosis  beyond  a  separation  of  their  proximal  ends,  so  that  they 
enter  the  intestine  at  the  sides  of  the  stomach,  as  in  the  adult  crab. 
The  livers,  on  the  other  hand,  pass  through  a  complicated  meta¬ 
morphosis. 

A  description  of  a  selected  series  of  glaucothoe  of  different  ages 
will  better  indicate  the  order  of  these  modifications  as  well  as  the 
relations  that  they  bear  to  the  changes  in  position  or  structure  in  the 
other  organs  of  the  body,  than  a  detailed  account.  The  altera¬ 
tions  are  of  course,  subject  to  slight  individual  variations. 

1.  A  young  glaucothoe  just  moulted  from  the  zoea  (pi.  8,  fig. 
38).  Only  the  posterior  lobes  of  the  livers  have  increased  propor¬ 
tionally  to  the  increased  size  of  the  stomach. 

€/ 

2.  An  older  specimen,  never  in  a  shell  (pi.  8,  fig.  39).  The 
anterior  and  dorsal  lobes  of  the  livers  are  further  reduced ;  the 
lateral  lobes  have  almost  disappeared,  though  the  one  on  the  right 

1  still  retains  a  minute  lumen  ;  the  posterior  lobes  extend  to  the  last 
segment  of  the  thorax  and  the  apex  of  the  right  gland  lies  beneath 
the  intestine  toward  the  left  side  of  the  body.  The  openings  of  the 
lateral  caeca  into  the  intestine  are  now  caudad  instead  of  cephalad 
from  the  openings  of  the  livers.  The  green  glands  have  begun  to 
grow  back  to  form  the  median  neplirosac  and  a  new  artery  is 
developing  in  the  abdomen. 

3.  A  still  older  specimen.  The  lateral  liver  lobes  have  disap¬ 
peared  ;  the  dorsal  become  mere  prominences,  and  the  posterior 
barely  enter  the  abdomen. 


1(H)  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 

4.  Next  specimen.  The  posterior  lobes  are  now  abdominal,  lying 
to  the  left  of  the  intestine,  which  is  displaced  to  the  right  and 
dorsally.  The  canals  from  the  green  glands  reach  the  region  of  the 
pericardium  but  are  not  yet  united.  The  sexual  cells  are  abdominal. 
A  rudimentary  intestinal  caecum  is  present. 

5.  With  livers  completely  shifted  (pi.  8,  fig.  40).  The  dorsal 
lobes  have  disappeared,  and  the  anterior  are  greatly  reduced.  The 
chitinous  gut  is  rapidly  elongating,  advancing  the  caecum  towards 
the  anterior  part  of  the  abdomen.  The  green  glands  have  formed 
the  nephrosac.  The  muscles  are  beginning  to  degenerate. 

6.  Fourth  day  in  the  shell.  The  anterior  lobes  of  the  liver  are 
gone.  The  ceils  of  the  lateral  caeca  have  taken  on  the  adult  his¬ 
tology  and  reactions;  the  nephrosac  is  abdominal;  the  muscles  and 
pleopods  and  all  the  other  organs  are  of  adult  type,  in  readiness  for 
the  moult  to  the  adolescent  phase. 

Sixth-stage  crabs  retain  the  simple  cylindrical  livers  (pi.  8,  fig.  42) 
for  only  a  few  days;  then  diverticula  begin  to  appear  along  the 
borders,  first  of  the  right,  then  of  the  left  gland  (pi.  8,  fig.  43). 
The  development  of  these  diverticula  seems  to  follow  a  fairly  definite 
plan  (pi.  8,  fig.  44).  Owing  to  the  way  in  which  those  from  the 
right  gland  pass  under  the  intestine,  the  adult  condition  is  ultimately 
produced  and  the  earlier  displacement  is  obscured  to  casual  inspec¬ 
tion.  The  livers  seem  to  lie  each  on  its  own  side  of  the  intestine. 
A  shift  of  the  latter  back  again  toward  the  mid-line  of  the  body, 
which  becomes  possible  from  the  eighth  stage  on  because  of  the 
gradual  proportional  increase  of  the  diameter  of  the  abdomen,  also 
aids  in  confusing  the  earlier  relations.  But  by  careful  dissection, 
the  displacement  can  be  traced  in  the  adult.  The  main  axis  of  the 
right  gland  will  be  found  to  lie  beneath  or  slightly  to  the  left  of  the 
gut  for  a  considerable  part  of  its  course  in  the  abdomen.  As  young 
crabs  show  this  better  than  older  ones,  two  views  of  the  abdominal 
contents  of  the  crabs  collected  at  Wareham  are  appended  (pi.  8, 
figs.  45,  46). 

The  green  glands  of  JEupagurus  longicarpus  have  the  same  gen¬ 
eral  arrangement  as  the  glands  of  A7,  bernhardus  described  by 
Marchal  (’92),  except  that  the  nephrosac  is  short  and  broad  and  the 
canals  which  unite  this  structure  to  the  cephalic  portion  of  the 
gland  are  without  accessory  diverticula.  The  cells  of  the  canals 
and  nephrosac  have  a  characteristic  histological  appearance  (pi.  9, 
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figs.  52,  53).  The  cytoplasm  is  scanty  and  stains  faintly;  the 
nuclei  are  small,  spherical,  and  prominent. 

The  green  glands  cannot  be  found  in  sections  of  the  first  or 
second  zoea  stages.  Some  third  zoeae  show  them,  but  they  are 
without  a  lumen  and  almost  wholly  confined  within  the  base  of 
the  antennae.  These  glands  are,  however,  constantly  present  in 
fourth  zoeae  and  each  has  the  form  of  a  bent  tube,  0.2  mm.  long, 
either  simple  or  with  two  short,  ventrally  projecting  diverticula  at 
the  proximal  end. 

The  glands  of  the  glaucotlioe  are  relatively  longer  than  those  of 
the  zoeae  and  extend  out  of  the  antenna  vertically  into  the  cephalo¬ 
thoracic  cavity  (pi.  9,  fig.  51 ,{/(/).  Their  shape  may  be  compared 
to  a  letter  “  L  ”  ;  the  orifice  being  situated  at  the  angle,  and  the 
proximal  diverticula  forming  the  shorter  arm.  About  the  time 
when  the  livers  swing  to  the  left  as  they  pass  toward  the  abdomen, 
the  tip  of  the  vertical  limb  of  each  green  gland  begins  to  grow  back 
as  a  canal  which  lies  closely  appressed  against  the  lateral  wall  of  the 
cephalothorax  until  it  reaches  the  region  of  the  pericardium.  Here 
the  canals  swing  toward  the  midline  of  the  body,  meet  one  another 
beneath  the  pericardial  septum,  and  fuse  to  form  a  nephrosac,  0.1- 
0.2  mm.  long  (pi.  8,  fig.  40),  which  for  a  considerable  period  may 
retain  an  imperfect  median  partition  as  a  remnant  of  its  double 
origin.  Toward  the  end  of  the  glaucotlioe  phase  the  nephrosac 
passes  to  its  definitive  position  in  the  abdomen  (pi.  8,  fig.  42)  and 
during  the  adolescent  period  attains  to  the  larger  proportions  rela¬ 
tive  to  the  surrounding  structures  which  it  has  in  the  adult  crab. 

The  cells  of  the  basal  portion  of  these  glands  in  all  stages,  and  of 
the  whole  gland  in  the  zoeae  and  glaucotlioe,  have  granular,  homo¬ 
geneous  cytoplasm,  small,  reticulate  nuclei,  and  indistinct  cell 
boundaries.  But  the  canals  and  nephrosac  from  their  first  appear¬ 
ance  show  the  adult  histology.  Though  the  bulk  of  the  gland  is. 
not  sufficient  for  the  production  of  canals  and  nephrosac  without 
a  multiplication  of  cells,  no  mitotic  figures  could  be  found,  which 
recalls  the  condition  of  the  liver  cells  during  the  changes  in  those 
organs,  where  the  nuclei  remained  reticulate.  But  there  the  original 
bulk  is  ample  to  form  the  livers  of  the  sixth  stage  through  a  remod¬ 
eling.  In  both  series  of  specimens  the  tissues  seemed  perfectly  well 
preserved. 

A  shell  gland  is  present  throughout  the  zoea  phase.  It  is  lost 
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with  the  moult. to  the  glaucothoe.  It  opens  on  the  ventral  face  of 
the  second  maxilla  and  in  form  is  a  bent  tube  whose  distal  end 
extends  toward  the  cephalothoracic  cavity.  These  glands  must  be 
very  important  for  the  zoea  before  the  development  of  the  green 
glands  with  the  fourth  stage,  and,  despite  the  fact  that  the  green 
glands  have  a  lumen  and  are  therefore  presumably  functional,  in 
the  latter  period  the  shell  glands  are  relatively  longer  than  in  the 
three  earlier  stages. 

Our  knowledge  of  the  development  of  the  sexual  system  is  very 
meager.  A  sixth-stage  larva  or  a  mature  glaucothoe  shows  in  the 
abdomen  near  the  tip  of  the  nephrosac  two  fusiform  clusters  of 
five  or  six  cells  (pi.  8,  fig.  42,  g\  pi.  10,  fig.  63).  These  are  readily 
identifiable  as  the  sexual  glands.  Younger  zoeae  and  glaucothoe 
have  similar  cells  lying  beneath  the  pericardial  septum  in  the 
thorax  (pi.  10,  fig.  62).  This  position  recalls  the  grouping  of  the 
sexual  cells  in  the  zoeae  of  Mysis,  (Nusbaum,  ’87),  Palaemonetes 
(Allen,  ’93)  and  Gebia  (Butschinsky,  ’94)  the  only  Decapod  larvae 
for  which  they  have  been  described.  I  Avas  not  able  to  find  sexual 
cells  in  any  earlier  stage  than  the  fourth  zoea,  perhaps  because  of 
the  thickness  of  my  sections.  These  cells  pass  to  the  abdomen  at 
the  time  when  the  livers  shift,  but  unfortunately  no  sections  slioAved 
them  in  transition.  There  must,  hoAvever,  be  an  increase  in  their 
number  at  this  time.  The  pericardial  group  contains  less  than  half 
a  dozen  cells,  while  the  abdominal  clusters  have  five  or  more  cells 
apiece. 

The  time  for  the  appearance  of  sexual  ducts  and  orifices  is 
unknown.  When  adolescent  larvae  reach  an  age  of  about  forty 
days  from  the  glaucothoe,  they,  show  Avhat  are  apparently  sexual 
orifices.  But  if  these  specimens  are  sectioned,  no  openings  can  be 
found  nor  anything  that  can  be  interpreted  as  even  the  anlage  of  a 
duct.  These  “pseudo-orifices”  must  be  merely  shallow  depressions 
in  the  integument  over  the  regions  where  the  true  openings  will 
ultimately  be  developed.  The  crabs  collected  at  Wareham,  in 
1900,  which  were  certainly  not  less  than  one  year  old,  had  the 
sexual  ducts  well  developed  (pi.  9,  fig.  53,  scl),  and  the  sexual 
glands  were  large  and  complexly  coiled,  but  not  quite  mature. 
This  would  mean  that  the  production  of  sexual  products  would  not 
ha\7e  occurred  in  them  before  the  folloAving  year,  i.  e.,  the  hermit 
crab  is  probably  not  mature  before  the  second  or  third  year  of  its 
life  (see  page  168). 
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Sex  is  recognizable  at  the  seventh  stage,  from  six  to  twelve  days 
after  the  close  of  the  glaucothoe  phase,  when  the  males  lose  the 
rudimentary  pleopod  on  the  second  segment  (pi.  4,  fig.  6,  ru).  But 
the  secondary  sexual  characters  in  the  female  pleopods  (pi.  6,  fig.  24) 
do  not  begin  to  appear  until  thirty  or  forty  days  of  adolescent  life 
have  passed  and  then  their  development  is  quite  gradual. 

This  early  differentiation  of  sex  in  Eupagurus  longicarpus  and 
tmnulipes  has  an  interesting  bearing  on  the  subject  of  parasitic 
castration  as  it  exists  in  the  allied  JEupagurus  bernharclus.  There, 
Giard  (’86)  has  found  that  the  male  crabs  if  infested  with  a  Bopyrid, 
Athelges paguri,  have  pleopods  of  female  number  and  form;  while 
the  females  w^hen  parasitized  with  the  Cirriped,  Peltogaster,  bear 
the  typical  female  number  of  appendages,  but  in  type  these  approxi¬ 
mate  those  of  the  normal  male.  No  data  is  at  hand  with  respect  to 
the  adolescent  development  of  JE.  bernharclus ,  but  if  it  resembles 
that  of  our  species  at  all  closely,  the  modifications  shown  by  the 
parasitized  males  require  either  the  attachment  of  the  parasite  very 
early  in  adolescent  life,  or  a  sufficiently  potent  effect  from  its  presence 
to  cause  a  reappearance  of  the  pleopod  on  the  second  segment.  The 
alterations  of  the  parasitized  females  on  the  other  hand,  would  be 
explainable  as  arrest  of  development.  The  parasite  presumably 
might  attach  itself  at  any  time  within  the  first  fifty  days  of  adoles¬ 
cent  life  and  yet  be  able  to  check  the  complete  development  of  the 
female  type  of  appendage.  No  ecto-parasite  has  been  found  on  our 
Eupagurus  anniclipes.  The  only  ecto-parasite  on  E.  longicarpus ,  a 
Bopyrid,  Stegophrgxus  hyptius ,  produces  no  alteration  in  the  second¬ 
ary  sexual  characters  of  the  host. 

The  circulatory  systems  of  our  various  species  of  Eupagurus  are 
similar  in  all,  and  that  of  E.  bernharclus  (Bouvier,  ’91)  will  serve  as 
the  type.  The  hepatic  arteries  are  wholly  thoracic,  so  that  only  a 
.small  part  of  the  liver  receives  blood  from  this  source.  The  ven¬ 
tral  thoracic  artery  terminates  posteriorly  with  the  branches  to  the 
fifth  pair  of  limbs  and  the  abdomen  is  supplied  by  the  superior 
abdominal  alone.  As  this  artery  enters  the  second  segment  of  the 
abdomen,  it  divides  into  two  trunks  :  b  and  b'.  The  former  is  a 
small  vessel  which  courses  superficially  to  the  left,  supplying  livers, 
sexual  glands,  and  appendages.  The  latter  is  a  larger  trunk  which 
plunges  downward  to  the  right  of  the  intestine,  runs  caudad  along 
the  dorsal  surface  of  the  flexor  muscles,  and  then  in  the  fourth  seg- 
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ment  divides  into  a  supramuscular  branch  that  continues  the  course 
above  the  muscles,  and  an  inframuscular  branch  that  pierces  them 
and  runs  caudad  beneath  them  in  the  position  of  a  ventral  abdominal 
artery. 

The  blood  vessels  in  the  larvae  can  only  be  studied  satisfactorily 
from  serial  sections  and  hence  there  are  annoying  gaps  in  my  record. 
For  the  arteries  are  scarcely  traceable  unless  distended  with  blood, 
and  only  a  few  specimens  of  any  stage  will  chance  to  show  the 
desired  condition.  As  a  rule,  however,  all  the  dorsal  vessels  were 
equally  well  preserved  and  much  could  be  learned  from  a  single 
s])ecimen,  but  ventrally  the  shrinkage  of  the  integument  against  the 
ganglia  obliterated  the  arteries  to  a  greater  or  less  degree.  These 
and  other  causes  also,  prevented  a  study  of  the  venous  sinuses. 

The  only  artery  passing  cephalad  from  the  heart  in  the  earlier 
zoea  stages  is  the  anterior  aorta,  and  it  extends  to  the  base  of  the 
rostrum,  lying  close  beneath  the  dorsal  wall  of  the  cephalothorax. 
In  the  fourth  stage  its  anterior  end  becomes  deflected  over  the  sur¬ 
face  of  the  supra-oesophageal  ganglion.  No  structure  which  sug¬ 
gested  a  cephalothoracic  sac  similar  to  that  described  for  the  zoea  of 
Palaemonetes  (Allen,  ’93)  was  found  at  any  stage.  A  sternal  artery 
is  present  at  all  stages  and  passes  down  in  its  adult  relations  to  the 
thoracic  ganglia,  between  the  fiber  masses  for  the  third  and  fourth 
pairs  of  limbs  (pi.  7,  fig.  29,  st  a ).  The  antennary  arteries  are  first 
found  in  the  fourth  zoea  and  as  they  are  not  invariably  present,  they 
probably  arise  during  the  period.  They  diverge  strongly  and  give 
off  a  branch  to  the  stomach.  Their  ultimate  distribution,  however, 
could  not  be  determined  for  the  different  stages.  The  hepatic 
arteries  first  appear  during  the  glaucothoe  stage  after  the  livers 
have  shifted  to  the  abdomen.  There  is  no  trace  of  them  in  younger 
specimens  even  when  the  preservation  of  the  heart  and  adjacent 
parts  is  perfect. 

The  deferred  development  of  the  hepatic  arteries  can  scarcely  be 
regarded  as  correlated  with  the  reduced  function  of  these  vessels 
in  the  adult  crab,  although  at  first  this  might  seem  probable.  For, 
although  among  Decapods  it  is  usual  (Claus,  ’84)  for  these  arteries  to 
be  present  throughout  the  larval  period,  this  is  not  an  invariable  rule. 
The  Thalassinid,  Nauslionia  (M.  T.  Thompson,  :  03),  has  only  anten¬ 
nary  arteries  and  aorta  forward  from  the  heart  during  the  zoea  and 
mysis  phases.  Claus’s  figures  in  his  monograph  on  the  circulation  in 
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Decapods  show  that  in  the  Thalassinid,  Calliaxis,  and  the  shrimp, 
Crangon,  the  hepatic  arteries,  although  appearing  in  the  zoea  phase, 
are  yet  later  in  development  than  the  antennary  arteries.  Thus  the 
latter  in  their  development  seem  to  precede  the  hepatics  when  both 
pairs  are  not  present  throughout  larval  life.  And  in  Eupagurus  the 
antennary  arteries  appear  unusually  late,  not  until  the  fourth  zoea. 

Unquestionably,  the  ventral  thoracic  artery  does  not  enter  the 
abdomen  at  any  stage,  but  as  already  noted,  this  vessel  was  difficult 
to  trace  and  the  distribution  of  its  branches  could  not  be  completely 
determined.  It  is  certain,  however,  that  in  the  first  zoea,  vessels  pass 
off  to  the  first  maxilliped ;  that  in  the  second  zoea  this  artery  sup¬ 
plies  the  third  maxilliped  and,  in  some  cases  at  least,  one  or  more  of 
the  rudimentary  limbs;  and  in  the  fourth  stage  the  artery  extends 
to  the  mouth  and  gives  off  branches  to  the  maxillipeds  and  to  the 
five  pairs  of  rudimentary  limbs.  It  is  only  necessary  to  suppose  that 
the  artery  gives  off  in  addition  to  the  branches  already  enumerated, 
vessels  to  the  second  maxilliped  in  the  first,  and  to  the  two  pairs  of 
anterior  maxillipeds  in  the  second  zoea,  to  make  the  arrangement  for 
each  stage  agree  exactly  with  the  distribution  of  the  vessels  in  the 
“Pagurus”  zoeae  studied  by  Claus  (’84).  The  ascending  arte¬ 
rioles  which  pass  up  through  the  nerve  chain  between  the  ganglia 
for  the  first  and  second  limbs  and  in  the  next  posterior  interspace 
(Bouvier,  ’89,  ’91)  are  discernible  as  early  as  the  second  zoea.  Two 
other  ascending  arterioles  are  found  even  in  mature  glaucothoe : 
one  between  the  maxillipedal  and  the  clieliped  ganglia  and  one 
between  the  maxillipedal  and  the  maxilla  ganglia.  They  may  yet  be 
detected  in  the  adult.  Some  sections  of  zoeae  suggest  the  possibility 
of  the  existence  during  the  earlier  stages,  of  additional  ascending 
arterioles  between  the  individual  maxillipedal  and  maxilla  ganglia, 
but  they  are  not  conclusive. 

The  superior  abdominal  artery  is  present  throughout  the  develop¬ 
mental  period.  With  the  earlier  zoea  it  is  a  simple  vessel  extending 
almost  the  length  of  the  abdomen  in  the  first,  and  to  the  telson  in 
the  later  stages.  In  the  fourth  zoea  and  glaucothoe,  however,  this 
artery  gives  off  five  pairs  of  segmental  branches,  a  pair  for  each  seg¬ 
ment  from  the  second  to  the  sixth. 

At  the  time  when  the  livers  commence  their  shift,  the  adult  plan 
is  evolved  from  this  simpler  arrangement  (pi.  lU,  fig.  64).  A  new 
artery  arises  from  the  right  segmental  artery  in  the  second  segment, 
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plunges  downward  toward  the  flexor  muscles  and  during  the  last 
part  of  the  glaucothoe  period,  pierces  these.  Its  further  develop¬ 
ment  could  not  be  followed,  as  it  was  impossible  to  interpret  the 
blood  vessels  through  sections  of  the  adolescent  stages,  owing  to  the 
twist  of  the  abdomen  and  consequent  confusion  of  landmarks.  But 
it  is  obvious  that  this  new  vessel  is  to  be  identified  with  b'  of  the  adult 
crab’s  arteries  and  that  b  of  the  adult  system  is  the  superior  abdom¬ 
inal.  This  latter  artery  swings  to  the  left  with  the  completion  of 
the  shift  of  the  livers  and  as  the  displacement  is  usually  accompanied 
by  the  suppression  of  the  right  segmental  artery  of  the  second  seg¬ 
ment  distal  to  the  origin  of  U ,  the  latter  quickly  assumes  the  adult 
relations  and  appears  to  arise  directly  from  the  superior  abdominal, 
b.  Occasionally,  however,  this  segmental  vessel  will  persist  in  mature 
glaucothoe  and  even  into  the  sixth  stage.  The  fate  of  the  other 
segmental  vessels  is  uncertain.  The  four  posterior  pairs  can  be 
identified  in  very  mature  glaucothoe  and  occasionally  in  sixth  stage 
larvae.  Their  presence  in  the  latter  stage  suggests  that  they  may 
persist  in  the  adult  crab,  but  whether  this  is  actually  the  case  or  not 
could  not  be  determined.  The  anterior  pleopods  of  the  adult  cer¬ 
tainly  receive  blood  from  branches  of  the  superior  abdominal 
(Bouvier, ’91).  But  on  the  other  hand  at  this  time  this  vessel  does 
not  extend  to  the  rear  of  the  abdomen  and  the  uropods  are  supplied 
by  the  inframuscular  branch  of  //. 

We  have  no  data  with  regard  to  the  abdominal  arteries  of  anv 
Pagurid  outside  of  the  genus  Eupagurus  and  whether  the  peculiar 
abdominal  blood  system  of  this  genus  is  generally  distributed  among 
the  members  of  the  group  is  not  known.  In  case  it  is  not  generally 
present,  it  might  furnish  a  valuable  criterion  of  relationship.  Among 
other  Decapods  the  artery  most  nearly  analogous  to  b'  occurs  in 
Gebia  deltura  (Bouvier,  ’90) .  This  vessel,  however,  arises  directly 
from  the  superior  abdominal  in  the  fifth  segment  and  such  a  poste¬ 
rior  position  appears  to  me  effectually  to  militate  against  regarding 
it  as  homologous  with  the  Eupagurid  artery,  br.  The  development 
of  the  latter  suggests  rather  that  it  originated  either  as  a  new 
structure,  or,  more  likely,  as  an  enlargement  of  some  minor  branch 
of  the  segmental  artery  of  the  second  segment,  when  the  gradual 
suppression  of  the  ventral  abdominal  artery  necessitated  a  more  per¬ 
fect  connection  between  the  dorsal  arterial  trunk  and  the  ventral 
region  of  the  body.  Once  introduced,  the  branch  has  usurped  many 
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of  the  functions  which  ordinarily  belong  to  a  superior  abdominal 
artery. 

The  abdominal  musculature  of  the  young  Eupagurus  was  studied 
chiefly  from  serial  sections.  Although  only  longitudinal  sections 
proved  of  value,  this  does  not  at  all  effect  the  accuracy  of  the  results, 
since  in  examining  the  muscles  of  adult  Cambarus  or  Homarus  by 
means  of  sections,  only  those  cut  in  the  longitudinal  plane  are 
interpretable.  Such  sections,  however,  throw  a  great  deal  of  light 
on  the  arrangement  of  the  muscles  in  these  Crustacea.  And  I  feel 
the  more  confidence  in  my  conclusions  with  regard  to  musculature 
in  these  forms  from  the  fact  that  they  are  based  on  both  dissections 
and  sections,  although  they  differ  somewhat  from  those  usually 
accepted.  In  any  event,  the  abdominal  muscles  of  the  young 
Eupagurus  are  essentially  like  the  muscles  of  Cambarus,  Homarus, 
and  other  Macrura ;  and  sections  of  each  are  mutually  comparable 
(pi.  10,  figs.  59,  60,  61). 

The  muscles  of  Eupagurus  reach  their  highest  efficiency  with  the 
glaucothoe  stage.  At  this  time  the  extensors  are  well  developed 
with  a  generally  longitudinal  course  (pi.  10,  fig.  59,  ext ) ;  the 
pleopodal  muscles  converge  from  a  region  of  attachment  above  the 
hinge  or  metacleis  where  the  segments  interlock  and  are  independent 
of  the  flexors  (pi.  10,  fig.  59a,  plm).  The  flexors  comprise  several 
muscles,  the  descending,  transverse,  longitudinalis,  and  loop-envelop¬ 
ing.  The  arrangement  of  these  various  muscles  can  best  be  under- 
stood  from  the  study  of  a  single  segment,  selecting  segment  two  as 
typical . 

The  abdomen  of  the  glaucothoe  is  highly  convex  and  hence  the 
attachment  above  the  hinge,  the  metacleis  insertion,  is  more  dor¬ 
sal  than  in  the  flatter  segment  of  Homarus.  The  descending  and 
transverse  muscles  arise  from  this  point.  The  former  is  a  broad 
band  whose  ventral  end  is  inserted  at  the  articulation  with  segment 
one ;  the  latter  is  cylindrical  and  runs  first  ventrally  and  then  trans¬ 
versely  to  come  into  intimate  union  with  its  mate  from  the  other 
side  of  the  body.  In  Cambarus  and  Homarus  the  transversalis  is 
flat  and  in  the  latter  genus  it  arises  as  part  of  the  loop-enveloping 
muscles. 

The  lateralis  or  lateral  longitudinal  passes  from  the  anterior  to 
the  posterior  borders  of  the  segment  at  the  sides  ;  and  ventrally 
above  the  nerve  cord  the  ventralis  or  ventral  longitudinal  occupies 
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a  similar  position.  Possibly  the  latter  is  a  series  of  muscles  rather 
than  a  single  bundle,  but  the  sections  are  not  clear  on  this  point. 

The  loop-enveloping  muscles,  which  form  the  bulk  of  the  flexors, 
arise  in  common  with  the  ventralis  muscles  from  the  anterior 
boundary  of  the  segment,  but  ascend  as  a  broad  sheet  of  fibers 
(pi.  10,  fig.  59b).  They  soon  become  transverse  in  course  and  grad¬ 
ually  separate  into  two  parts,  the  loop  or  circularis  and  the  envel¬ 
oping  or  oblique.  The  fibers  composing  the  loop  muscles,  probably 
augmented  by  fibers  from  the  metacleis  insertion,  turn  longitudinally 
so  that  the  anterior  end  of  the  muscle  lies  dorsad  of  the  transversalis, 
meeting  the  posterior  end  of  the  loop  muscle  of  segment  one,  while 
its  posterior  end  passes  into  segment  three  and  there  meets  the 
loop  muscle  of  that  segment  above  the  transversalis.  The  middle 
portion  of  the  muscle  is  depressed  and  the  successive  arcs  are  very 
characteristic  in  longitudinal  sections.  Toward  the  mid-plane  of  the 
body  a  slip  (pi.  10,  fig.  59e,  x)  passes  down  from  the  anterior  end  of 
the  muscle  to  become  attached  at  the  union  of  segments  three  and 
four,  but  whether  on  the  sternum  of  segment  three  or  into  the 
articular  membrane  cannot  be  determined.  Still  nearer  the  mid¬ 
plane,  the  whole  muscle,  the  anterior  fibers  changing  first,  becomes 
a  longitudinal  descending  muscle. 

The  fibers  which  go  to  form  the  enveloping  muscle  retain  a  more 
generally  transverse  course  as  they  are  separated  from  the  fibers  of 
the  loop  muscle ;  and  therefore  this  muscle  lies  across  the  belly  of 
the  loop  muscle  (pi.  10,  fig.  59d).  Toward  the  mid-plane  of  the  body 
it  becomes  in  its  turn  descending,  and  goes  down  closely  associated 
with  the  descending  part  of  the  loop  muscles  (pi.  10,  fig.  59f,  a*2). 
The  attachments  of  the  descending  portions  of  these  muscles  are  not 
clearly  shown  in  the  sections.  At  times  they  are  apparently  at  the 
articulation  between  the  segments  three  and  four ;  again  the  muscles 
seem  to  pass  on  to  the  next  posterior  articulation,  a  discrepancy 
which  is  possibly  due  to  an  attachment  in  part  at  both  points.  The 
loop  muscle  is  small  in  Cambarus  and  is  largely  or  perhaps  wholly 
derived  from  the  metacleis  insertion.  In  Homarus  it  is  a  large  mus¬ 
cle  and  derived  from  the  metacleis  insertion  and  attached  at  its 
descending  end  to  the  sternum  of  the  third  segment.  In  Homarus 
the  slip  x  is  attached  to  the  sternal  plate  of  segment  three.  The 
enveloping  muscle  in  both  of  these  Macrura  and  in  allied  forms  is 
very  large. 
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The  foregoing  description  for  the  second  segment  will  apply 
equally  well  to  segments  one  arid  three  except  that  in  the  former 
the  anterior  attachments  are  on  the  cephalothoracic  walls.  The 
fourth  segment  has  a  weak  loop  muscle  which  barely  reaches  the 
end  of  the  loop  muscle  from  segment  three.  Posteriorly  its  descend¬ 
ing  portion  seems  to  be  attached  at  the  articulation  between  seg¬ 
ments  five  and  six.  The  fifth  segment  has  only  pleopodal,  trans¬ 
versalis,  and  ventralis  muscles.  The  sixth  segment  has  pleopodal, 
transversalis,  and  ventralis,  and  the  last  mentioned  muscle  lies 
beneath  the  nerve  cord. 

The  muscles  of  the  zoeae  are  on  the  whole  similar  to  those  of  the 
glaucothoe,  but  less  well  developed  and  with  weak  attachments. 
The  pleopodal  muscles  are  wanting,  except  those  for  the  uropods 
which  come  in  with  the  fourth  zoea.  The  three  earlier  zoeae  have 
also  the  fourth  segment  like  the  fifth  from  the  absence  of  loop- 
enveloping  muscles. 

Mature  glaucothoe,  adolescent  crabs,  and  adults  have  a  musculature 
of  a  totally  different  type.  The  extensors  are  extremely  weak ;  a 
thin  layer  of  fibers  —  the  integumentary  muscles  —  lines  the  integu¬ 
ment  beneath  the  nerve  cord  ;  the  flexors  are  bulky  and  those  of  the 
right  side  are  considerably  larger  than  those  on  the  left.  But  the 
flexors  on  both  sides  are  merely  a  series  of  strongly  diagonal  bands 
with  the  more  dorsal  fibers  running  almost  transversely.  Minor 
peculiarities  present  themselves  in  the  different  segments,  but  there 
is  nothing  which  suggests  either  transversalis  or  loop-enveloping 
muscles,  although  descending,  lateralis,  and  ventralis  muscles  are 
doubtfully  identifiable.  These  muscles  have  been  compared  to  the 
chevron-like  muscles  of  Gebia  and  Callianassa  and  described  as  a 
crowded  series  of  such  “chevrons”  (Bordage,  ’93). 

If  these  muscles  are  to  be  identified  with  their  forerunners  in  the 
larvae,  a  study  of  their  metamorphosis  becomes  imperative.  But 
unfortunately  this  could  not  be  attained  in  as  complete  a  form  as 
might  be  desired.  The  changes  are  crowded  into  a  comparatively 
short  period  near  the  end  of  the  glaucothoe  phase,  the  degenerative 
processes  make  it  difficult  to  secure  good  preservation  and  there 
seems  to  be  a  slight  reconstruction  or  remodeling  near  the  very  end 
of  the  alterations.  The  following  data  are  at  hand,  however,  from 
several  individuals,  and  from  them  a  general  notion  of  the  homol¬ 
ogies  of  the  adult  muscles  can  be  obtained. 
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1.  The  transversalis  muscles  begin  to  lose  their  fibers  at  the 
time  when  the  livers  shift  to  the  abdomen. 

2.  After  the  shift  is  completed  and  the  nephrosac  has  passed  to 
the  abdomen,  the  loop  muscle’s  fibers  have  become  straight,  and  the 
descending  portions  of  this  and  of  the  enveloping  muscles  are  weak. 
The  descending,  lateralis,  and  ventralis  muscles  remain  distinct,  but 
the  transversalis,  the  pleopodal  muscles,  and  the  intrinsic  muscles 
of  the  pleopods  themselves  have  disappeared. 

3.  Then  the  integumentary  muscles  appear;  the  descending  and 
the  ventralis  still  show  fibers,  but  only  a  few  fibers  can  be  found 
in  the  loop-enveloping  muscles.  The  columella  prominence  is 
developing. 

4.  Still  later,  traces  of  the  enveloping  and  descending  muscles 
can  still  be  identified,  but  only  with  difficulty.  The  ventralis  and 
integumentary  muscles  are  somewhat  more  distinct. 

The  flexor  muscles  of  the  adult  hermit  crab  then,  evidently  lack 
the  transversalis  elements,  and  retain  only  remnants  either  of 
descending  or  of  lateralis  muscles.  The  relative  proportions  of  the 
remaining  flexors,  the  ventralis  and  the  loop-enveloping  muscles, 
are  not  readily  or  surely  determinable.  Probably  the  ventralis 
plays  the  larger  role. 

The  thin  layer  of  integumentary  muscles  seems  to  be  derived  from 
scattered  fibers  that  lie  in  the  same  position  during  the  glaucothoe 
stage.  These  may  also  give  rise  to  the  apical  fibers  of  the  muscles 
in  the  columella  prominence  but  the  basal  fibers  of  this  organ  are 
certainly  derived  from  the  ventralis  of  the  third  segment  and  it  is 
possible  that  the  others  are  also. 

The  theory  that  the  flexor  muscles  of  the  hermit  crab  are  a 
crowded  series  of  “chevron”  muscles  is  scarcely  tenable  in  face  of 
this  evidence  from  the  study  of  their  structure  and  metamorphosis. 
The  support  that  it  has  received  from  the  chevron-like  muscles  of 
Gebia  and  Callianassa  also  fails  when  a  closer  examination  is  made. 
In  Gebia  certainly,  the  “chevrons”*  resolve  themselves  into  loop- 
enveloping  systems  with  a  weak  loop  and  insignificant  transversalis, 
so  that  the  preponderance  of  the  enveloping  element  gives  a  notably 
oblique  course  to  the  muscles. 

The  larval  hermit  crab  has,  therefore,  abdominal  muscles  more 
like  those  of  generalized  Macrurous  Crustacea,  than  those  of  such 
Thalassinids  as  Gebia,  and  it  would  be  interesting  in  this  connection 
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to  know  the  type  of  musculature  among  the  less  specialized  Tlialas- 
sinoids.  This  might  throw  some  light  on  the  extent  to  which  the 
perfection  of  the  Macruran  type  in  the  Eupagurus  larvae  is  palin- 
genetic.  For  it  is  not  possible  to  regard  it  as  simply  correlated  with 
the  active  life  of  the  zoea  or  glaucothoe.  The  very  active  megalops 
of  the  Brachyuran,  Callinectes,  although  provided  with  enormous 
pleopodal  and  well  developed  descending  muscles,  has  of  the 
remaining  possible  flexors  only  the  ventralis  bundles ;  the  metazoea 
of  Pinnotheres  and  both  the  young  zoea  and  the  metazoea  of  Cancer 
show  similar  relations,  with  the  addition  of  a  few  fibers  which  mav 
be  doubtfully  identified  as  loop-enveloping  elements.  Moreover, 
Gebia,  like  other  Macrura,  has  in  the  larval  stages  a  very  perfect 
loop-enveloping  system  of  flexors,  and  these  are  carried  on  into  the 
first  adolescent  almost  intact,  although  the  animal  is  at  this  period 
quite  inactive. 

The  muscles  of  the  stomach  of  the  zoea  and  glaucothoe  are  very 
simple.  At  first  only  dorsal  and  ventral  supporting  muscles  are 
present  (pi.  9,  fig.  47).  But  with  the  second  stage  two  additional 
bundles  arise  with  attachments  near  the  point  where  the  oeso¬ 
phageal  plates  will  later  appear  and  the  third  zoea  adds  two  more 
which  extend  from  the  anterior  face  of  the  stomach  forward  to  the 
cephalothoracic  wall.  This  simple  arrangement  is  retained  by  the 
metazoea  .and  by  the  glaucothoe  until  the  very  close  of  the  latter 
period.  Then  it  rapidly  gives  place  to  the  complex  musculature  of 
the  adult.  The  new  muscles  are  developed  from  myoblasts  which 
lie  around  and  above  the  stomach  from  the  third  zoea  onward.  Of 
the  zoeal  muscles,  the  pair  that  extend  from  the  region  of  the  oeso¬ 
phageal  plate  are  alone  retained. 

It  seems  probable  that  the  adductors  of  the  mandibles  in  the 
adult  are  also  new  structures  with  the  glaucothoe,  and  not  deriva¬ 
tives  of  the  fan  of  muscles  that  moves  the  jaws  in  the  zoeae  (pi.  9, 
fig.  49).  But  the  moult  from  the  fourth  zoea  produces  so  great  a 
change  in  the  plane  of  the  mouth  parts  relative  to  the  body  axis  that 
a  satisfactory  comparison  between  sections  through  this  region  in 
zoea  and  glaucothoe  is  impossible.  The  remaining  muscles  of  the 
body  call  for  no  especial  mention.  The  developing  limbs  remain 
filled  with  undifferentiated  tissue  until  the  fourth  zoea  and  then 
fibers  begin  to  make  their  appearance. 

The  thoracic  portion  of  the  nervous  system  of  the  adult  hermit 
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crab  is  symmetrical.  The  supra-oesophageal  ganglion  resembles  in 
its  finer  structure  the  same  ganglion  in  Carcinus  (Bethe,  ’95.  ’97) 
or  Astacus  (Ivrieger,  ’80).  The  ventral  ganglia  are  somewhat  con¬ 
centrated  (pi.  7,  fig.  29).  Those  that  supply  the  mouth  parts  form 
a  quadrate  mass  which  is  closely  associated  with  the  more  posterior 
thoracic  ganglia.  The  three  interior  of  these  are  large  with  strong 
ventral  projections  of  the  fiber  masses ;  the  two  posterior  are 
insignificant. 

The  abdominal  portion  of  the  nervous  system  is  but  little  modi¬ 
fied  by  the  asymmetry.  The  ganglion  of  the  first  segment  is  not 
apparent  and  is  presumably  fused  with  the  thoracic  mass  (Bouvier, 
’89).  The  five  remaining  ganglia  are  distinct  (pi.  7,  fig.  30)  and 
those  for  segments  two,  three,  and  four  fire  displaced  to  the  left. 
The  displacement  of  the  ganglion  for  the  fourth  segment  is  very 
slight  and  scarcely  establishable  in  the  adult  crab,  but  is  wrell  shown 
in  sections  of  adolescent  crabs.  Each  abdominal  ganglion  gives  off 
a  pair  of  ganglionic  nerves  (gn)  beneath  the  integumentary  muscles, 
either  to  a  pleopod  or  to  the  point  where  a  pleopod  morphologically 
ought  to  be  situated.  The  areas  supplied  by  these  nerves  also 
receive  a  more  delicate  commissural  ( comm  ri)  above  the  muscles 
from  the  commissure  cephalad  from  the  ganglion.  A  similar 
arrangement  of  sub-  and  supramuscular  nerves  is  found  in  Gebici 
affinis.  There  is  no  obvious  difference  in  the  size  of  the  nerves 
supplying  the  right  and  left  sides  of  the  body,  and  they  all  show 
fibers  and  bipolar  cells.  This  lack  of  asymmetry  appears  less 
striking  when  we  recollect  that  these  nerves  are  probably  very 
largely  sensory  and  this  function  would  be  nearly  equal  on  both 
sides  of  the  body  through  the  hairs  on  the  pleopods  on  the  right 
and  the  tufts  of  hair  on  the  left  at  the  points  where  pleopods 
ought  to  stand.  The  function  of  the  muscles  also  is  very  simple 
and  so  the  larger  size  of  the  right  flexors  cannot  greatly  disturb 
the  equality  of  the  two  sides  of  the  body  with  respect  to  other 
structures. 

The  nervous  system  develops  almost  without  metamorphosis. 
The  earlier  larval  stages  have  a  supra-oesophageal  ganglion  of 
essentially  the  same  structure  as  that  of  the  adult,  but  differing 
in  the  smaller  relative  bulk  of  the  fiber  masses  and  fiber  tracts  as 
compared  with  the  ganglion  cells.  In  the  zoea  phase  these  cells 
completely  surround  the  fiber  masses  and  tracts,  and  although  less 
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numerous  in  the  glaucothoe,  the  cell  groups  still  are  indistinguishable 
and  confluent.  But  by  the  time  the  adolescent  stages  are  reached 
the  groups  though  still  united,  become  identifiable.  The  median 
ventral  group,  the  cellulae  mediates,  is  the  first  to  become  com¬ 
pletely  distinct  and  separate,  in  crabs  forty  days  past  the  glaucothoe. 
The  adult  separation  of  all  groups  was  found  in  the  Wareham  crabs. 
The  globuli  of  the  brain  decrease  in  size  in  the  earlier  stages  more 
rapidly  than  do  the  fiber  masses.  The  diameter  of  each  bears  the 
following  ratio  to  the  width  of  the  latter,  measured  in  coronal  or 
transverse  sections  at  different  periods  :  — 


Stage 


Diameter  of  Width  of 

globulus.  intervening  liber  mass. 


Adult 
Sixth  stage 
Fifth  stage 
Second  stage 
First  stage 


1 

1 

1 

1 

1 


1.42  + 
2 
2 

2.6 

3 


The  infra-oesophageal  ganglion  has  a  history  similar  to  that  of 
the  supra-oesophageal.  The  zoeae  have  small  fiber  masses  which 
are  deeply  imbedded  in  ganglion  cells  and  these  latter  are  especially 
prominent  on  the  ventral  side  of  the  ganglion.  In  surface  view, 
therefore,  the  ganglia  would  exhibit  as  great  a  degree  of  concen¬ 
tration  as  in  the  adult,  but  in  reality  the  individual  fiber  masses  are 
much  more  distinct,  especially  those  for  the  maxillijjedal  and  max¬ 
illa  segments.  The  fiber  masses  for  the  limb  segments  are  very 
small  in  the  zoea  phase.  With  the  glaucothoe,  the  cheliped  gang¬ 
lion  alone  shows  a  ventralward  projection,  this  detail  appearing  for 
the  other  limbs  in  the  adolescent  phase.  Nerves  pass  to  the  rudi¬ 
mentary  limbs  in  the  fourth  zoea. 

The  three  earlier  zoea  stages  have  possible  traces  of  the  first 
abdominal  ganglion  in  two  minute  fiber  masses  that  lie  outside 
of  the  thoraco-abdominal  commissures  at  their  origin.  Nothing  of 
this  can  be  detected  later.  The  length  of  the  segments  of  the 
abdomen  is  more  nearly  equal  during  the  zoea  and  glaucothoe 
phases  than  during  later  life,  and  hence  the  five  abdominal  ganglia 
are  nearly  equidistant  from  one  another  at  these  periods.  Both 
ganglionic  and  commissural  nerves  are  present  from  the  first  zoea 
(pi.  7,  fig.  29).  At  the  close  of  the  glaucothoe  period,  after  the 
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muscles  are  already  much  degenerated,  the  commissure  between  the 
ganglia  of  the  second  and  third  segments  shortens  by  one  third,  the 
next  posterior  commissure  shortens  to  a  less  extent,  and  commis¬ 
sures  4  and  5  lengthen.  These  changes  bring  the  ganglia  into  their 
definitive  distances  from  each  other,  accompanying  the  changes  in 
the  lengths  of  the  respective  abdominal  segments  preparatory  to  the 
moult  to  the  sixth  stage.  The  displacement  of  the  anterior  ganglia 
to  the  left  is  one  of  the  last  changes  before  the  glaucotlioe  stage 
closes,  and  occurs  as  the  columella  prominence  arises. 


The  Shell  in  the  Ontogeny. 

Rathke  noted  in  1840  that  the  developing  hermit  crab  became 
slightly  asymmetrical  before  the  close  of  the  zoea  phase  and  all 
observers  have  recorded  asymmetry  for  the  chelipeds  and  usually 
also,  dissimilarity  for  the  uropods  in  the  glaucotlioe  phase.  Agassiz 
(’75)  went  a  step  farther  and  found  that  a  very  considerable  advance 
toward  the  adult  asymmetry  might  be  attained  before  the  larva  ever 
entered  a  shell.  It  seemed  clear  from  his  account  that  this  could 
not  be  regarded  as  the  invariable  sequence ;  but  how  far  it  might  be 
looked  upon  as  typical  remained  uncertain.  lie  says  of  the  change  : 
“  When  the  moult  has  taken  place  which  brings  them  to  the  stage 
when  they  need  a  shell  [my  sixth  stage]  we  find  an  important  change 
in  the  two  pair  of  feet  now  changed  to  shorter  feet  capable  of  propel¬ 
ling  the  crab  in  and  out  of  the  shell ;  we  find  that  all  the  abdominal 
appendages  except  those  of  the  last  joint  are  lost;  but  the  great  dis¬ 
tinction  ....  is  the  curling  of  the  abdomen  ;  its  rings  ....  are  quite 
indistinct  and  the  test  covering  it  is  reduced  to  a  mere  film.  It  is 
therefore  natural  that  the  young  crab  should  seek  shelter  for  this 
exposed  portion  of  his  body.”  His  figures,  published  in  1882 
(Faxon,  ’82),  corrected  and  furnished  a  partial  interpretation  of  this 
text.  But  they  seemed  to  indicate  that  these  changes  might  be  only 
a  beginning  of  a  gradual  metamorphosis  to  the  complete  adult  form. 
It  has  therefore  remained  for  the  present  research  to  show  that  the 
adult  structure,  so  far  as  its  plan  is  concerned,  is  completely  attained 
during  the  glaucotlioe  stage,  and  that  typically  the  metamorphosis 
is  inaugurated  before  a  shell  is  taken.  Nevertheless  the  young 
crab  always  enters  the  shell  before  the  changes  are  far  advanced, 
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usually  within  the  first  forty-eight  hours  of  its  life  as  a  glaucotlioe. 
What  then  is  the  significance  of  the  shell  in  the  ontogeny?  It  is 
clear  that  it  cannot  be  regarded  as  an  essential  factor,  but  may  it 
not  perhaps  influence  the  development  to  a  lesser  extent  ? 

If  such  an  influence  were  present  it  obviously  might  act  in  two 
directions :  to  affect  the  rate  of  the  metamorphosis,  or  to  modify 
the  order  of  the  metamorphosis  and  possibly,  but  less  probably,  the 
resulting  structures  themselves.  In  addition  to  this,  despite  the  fact 
that  the  dextral  asymmetry  is  fixed  in  the  ontogeny,  appearing  before 
a  shell  is  taken  and  completing  itself  even  when  the  latter  is  absent, 
it  is  conceivable  that  the  entrance  into  a  dextral  shell  which  nor¬ 
mally  occurs  at  a  definite  point  in  the  development  may  have  some 
controlling  influence,  so  that  exposure  to  other  than  dextral  shells 
might  not  be  without  effect  on  the  course  or  integrity  of  the  meta¬ 
morphosis. 

Effect  on  the  rate  of  development. —  In  connection  with  our  first 
possible  effect  of  the  shell,  that  on  the  rate  of  the  development,  the 
influence,  if  any,  will  involve  the  glaucotlioe  more  than  a  later 
stage  as  this  is  the  period  of  most  extensive  change  and  the  time 
when  the  shell  is  normally  assumed.  Therefore  a  number  of  experi¬ 
ments  were  performed  on  glaucotlioe  by  which  they  were  exposed 
to  different  environments  relative  to  the  time  when  the  shell  was 
taken  and  also  to  the  shape  of  the  shell,  whether  dextral,  sinistral, 
or  uncoiled. 

For  these  experiments  the  age  of  the  larvae  used,  had  to  be  known 
within  as  narrow  limits  as  possible.  So  fourth-stage  zoeae  were  col¬ 
lected  and  placed  in  a  large  jar,  where  during  the  night  many  would 
moult  to  the  glaucotlioe.  New  zoeae  were  used  each  day,  and  in 
the  morning  the  glaucotlioe  were  removed  and  reared  in  one  or 
more  experiments  as  the  case  might  be.  For  I  made  it  a  rule  never 
to  mix  glaucotlioe  of  different  ages,  but  kept  each  batch  separate 
from  all  preceding  ones.  The  experiments  were  examined  daily  at 
the  same  morning  hour.  At  first,  an  additional  mid-period  record 
was  taken,  but  it  was  found  that  the  larvae  moulted  chiefly  in  the 
“ small  hours”  of  the  morning  and  this  habit  rendered  a  mid-period 
record  less  necessary  and  as  the  pressure  of  other  work  became 
severe  it  was  abandoned.  The  fairly  definite  time  of  moulting  also 
served  to  reduce  the  unavoidable  time  error  which  might  otherwise 
have  had  a  range  of  twelve  hours.  The  large  number  of  specimens 
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used  further  counteracted  this  error  and  also  tended  to  equalize  it  in 
the  different  series.  So  on  the  whole,  the  number  of  days  that  the 
larvae  remained  in  the  glaucothoe  phase  was  determinable  with  a 
fair  degree  of  accuracy,  and  although  some  error  must  remain,  it 
does  not  affect  the  comparability  of  the  series. 


Series  A. 


Normal. 


The  glaucothoe  were  provided  with  dextrally  spiral  shells  and  given 
opportunity  to  take  these  whenever  they  pleased.  The  shells  of  the 
marine  snail,  Scycotypus,  were  used,  being  abundantly  obtained  from 
the  egg  cases.  Eleven  experiments  were  made,  using  183  larvae, 
99  of  which  attained  the  moult  to  the  sixth  sta«;e. 
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The  percentages  for  the  duration  of  the  stage  may  be  arranged  in 
a  curve  in  which  the  ordinates  represent  days,  the  abcissae  the  per¬ 
centages  (pi.  7,  fig.  32,  continuous  line).  This  gives  a  very  steep 
curve  with  the  mode  at  the  fifth  day. 


Series  B. 

Delayed  Normal. 

In  these  experiments,  a  batch  of  larvae  was  separated  into  two 
parts.  One  half  was  provided  at  once  with  dextral  shells  to 
serve  as  a  control  ..experiment ;  the  other  did  not  receive  shells 
immediately.  The  figures  for  the  control  records  have  already  been 
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given  as  part  of  the  figures  for  series  A.  They  are  separately  listed 
here  for  comparison  with  the  figures  for  the  “  delay  ”  record. 


B  1. 

The  larvae  were  kept  three  days  without  shells  and  were  then 
provided  with  them,  and  they  entered  these  within  a  few  hours. 
One  experiment,  using  10  glaucothoe  in  the  control  section,  all  of 
which  lived  to  the  sixth  stage ;  and  10  in  the  delay  section,  7  of 
which  attained  the  moult. 


Control. 


Delay. 


1  glam  10  %  r’m’n’d  4  days 
8  “  80  %  “  6  “ 

1  “  10  %  “  5i  “ 


1  glau.  14  %  r’m’n’d  5  days. 

4  “  57  %  “  5i  “ 

2  “  28  %  “  o"  “ 


B  2. 

The  larvae  were  kept  four  days  without  shells  and  were  then  pro¬ 
vided  with  them.  Three  experiments,  using  55  crabs  in  the  control, 
25  of  which  attained  the  moult  to  the  sixth  stage ;  and  about  the 
same  number  in  the  delay,  22  of  which  reached  that  moult. 

Control.  Delay. 


3  glau.  12  %  r’m’n’d  4  days.  6  glau.  27  %  r’m’n’d  5  days. 
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The  curves  that  may  be  constructed  from  the  percentages  of  these 
experiments,  resemble  in  shape  the  curves  for  the  experiments  of 
series  A  (pi.  7,  fig.  32),  but  have  a  more  restricted  range.  The 
curve  for  the  three  days’  delay  (broken  line)  has  the  mode  between 
the  fifth  and  sixth  day ;  while  that  for  the  four  days’  delay 
(dotted  line)  has  the  mode  at  the  sixth  day.  The  curves  for  the 
control  experiments  exactly  resemble  the  curve  plotted  for  series  A. 


184  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Series  C. 

Naked. 

In  these  experiments,  glaucothoe  were  reared  without  any  covering 
for  the  body.  Five  experiments,  using  1*23  larvae;  50  of  which 
attained  the  moult  to  the  sixth  stage.  No  mid-period  examination. 

7  glaucothoe  14  percent  remained  in  stage  4  days. 
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The  curve  that  may  be  constructed  (pi.  7,  fig.  33,  continuous  line) 
has  the  same  range  as  the  curve  for  the  experiments  of  series  A, 
but  its  mode  is  on  the  sixth  day  and  the  seventh  day  percentage  is 
high,  giving  it  a  very  different  shape  from  the  curves  for  either  A 
or  B.  It  may  be  objected  that  the  absence  of  a  mid-period  exami¬ 
nation  is  responsible  in  large  measure  for  this  difference  in  shape. 
But  the  mid-period  moults,  if  not  separately  recorded,  will  merely 
increase  the  record  for  the  following  morning  and  if  the  curve  for 
A  be  plotted  with  the  mid-period  moults  thus  added  to  the  day 
records  (dotted  line),  it  does  not  at  all  resemble  the  curve  for  the 
present  series.  So  although  the  sixth  and  seventh  day  percent¬ 
ages  may  readily  be  somewhat  higher  than  they  would  have  been 
with  a  mid-period  count,  the  difference  would  be  insufiicient  to 
modify  the  curve  essentially. 
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Series  D. 

Indifferent . 

The  glaucothoe  were  provided  with  straight  tubes  of  such 

diameter  that  they  could  not  twist  the  body.  Glass  tubes  proved 
the  best  of  the  various  objects  tried.  Three  experiments,  using  04 
larvae,  39  of  which  reached  the  moult  to  the  sixth  stao*e.  No  mid- 

period  examination. 

% 

35  glaucothoe  89.7  percent  remained  in  stage  5  days. 
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The  curve  for  these  experiments  would  have  a  very  limited  range 
and  show  the  mode  on  the  fifth  day. 


Series  E. 

/S mistral. 

The  larvae  were  provided  with  small  sinistral  shells  and  given 
opportunity  to  take  them  at  will.  The  shells  of  the  fresh-water 
snail,  Physa  heterostropha ,  were  used.  Eight  experiments,  using 
146  glaucothoe,  58  of  which  attained  the  moult  to  the  sixth  stage. 
No  mid-period  examination. 


3  glaucothoe  5  percent  remained  in  stage  4  days. 


35 

a 

60 

u 

ll 

ll 

It 

5 

ii 

12 

ll 

20.7 

ll 

ll 

ll 

ll 

6 

ii 

8 

a 

13.8 

ll 

ll 

ll 

It 

7 

it 

The  curve  which  may  be  plotted  for  this  series  is  similar  to  the 
curves  for  A,  B,  or  D  except  that  the  percentage  for  the  sixth  day  is 
slightly  higher  (pi.  7,  fig.  33,  broken  line).  But  this  may  be 
attributed  to  the  fact  that  a  large  number  of  larvae,  36  percent, 
delayed  their  entrance  into  the  shell  and  so  retarded  their  develop¬ 
ment.  The  absence  of  a  mid-period  examination  probably  also 
contributes  to  increase  the  percentages  for  the  sixth  day. 

These  six  series  of  experiments  clearly  show  that  the  minimum 
duration  of  the  glaucothoe  stage  and  phase  under  any  condition  is 
four  days,  and  the  maximum  duration  is  eight  days.  In  all  classes  of 
experiments,  except  those  of  the  “  indifferent  ”  and  “  delayed”  series, 
some  larvae  remained  in  the  stage  the  minimum  period.  The 
maximum  period  was  reached  not  only  in  the  “naked”  but  also  in 
the  “normal”  series.  The  experiments  also  show  that  the  shell 
exercises  an  influence  on  the  rate  of  development  proportional  to 
the  time  which  elapses  between  the  moult  from  the  last  zoea 
stage  and  the  time  when  the  glaucothoe  enters  the  shell.  The 
experiments  with  shells  of  other  than  dextral  coil,  however,  so 
closely  resembled  the  latter  “normal”  experiments  that  no  attempt 
was  made  to  repeat  them  under  “delay”"  conditions.  They  indicate 
that  the  influence  of  the  shell  is  independent  of  its  form  as  far  as  any 
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direct  effect  is  involved.  But  when  shells  depart  strongly  from  the 
dextral  type,  an  indirect  influence  is  exerted,  dependent  on  the  fact 
that  many  larvae  are  reluctant  to  enter  such  shells. 

Effect  on  health. — Another  influence  of  the  shell  on  the  growing 
larva  was  brought  out  by  the  experiments.  Attention  has  already 
been  called  to  the  high  mortality  among  Eupagurus  larvae.  Now 
this  mortality  was  especially  noticeable  in  those  experiments  where 
the  glaucothoe  were  either  wholly  prevented  from  entering  a  shell 
(C)  or  only  permitted  to  enter  one  after  a  considerable  delay 
(B  2).  Here  it  reached  about  sixty  percent.  In  the  “normal” 
experiments  and  in  the  less  abnormal  experiments  of  the  “delay” 
series  (B  1),  only  forty-six  and  thirty  percent  respectively  of  the 
glaucothoe  perished  before  the  moult  to  the  sixth  stage  could  be 
reached.  The  entrance  into  a  shell  early  in  the  glaucothoe  phase 
has  then  an  important  bearing  with  regard  to  the  health  of  the  crab. 

At  first  sight  also  this  seems  to  be  to  some  extent  correlated 
with  the  form  of  the  shell  used.  The  glaucothoe  that  lived  in 
straight  glass  tubes  (D)  lost  thirty-nine  percent  of  their  number,  a 
death  rate  less  than  that  for  the  normally  reared  crabs.  The  crabs 
in  sinistral  shells,  on  the  other  hand,  had  a  death  rate  as  high  as  that 
prevailing  among  crabs  which  never  obtained  a  shell.  But  of  course, 
as  before,  this  may  be  the  result  of  the  reluctance  of  glaucothoe 
to  enter  sinistral  shells  with  the  consequent  prejudice  to  their  health, 
rather  than  a  direct  effect  of  the  peculiar  twist  of  the  shell.  With 
my  adolescent  crabs  the  death  rate  among  those  reared  with  sinis¬ 
tral  shells  was  not  noticeably  higher  than  among  those  reared  in 
other  kinds  of  houses.  Although  this  is  based  on  a  smaller  number 
of  crabs,  it  would  lend  support  to  the  idea  that  the  higher  death 
rate  among  “  sinistrally  reared  ”  glaucothoe  was  indirect.  A  partic¬ 
ularly  disastrous  experiment  with  adolescents  showed  a  mortality 
among  larvae  living  in  dextral,  indifferent,  and  sinistral  shells,  of 
fifty-seven,  fifty-two,  and  sixty  percent,  respectively. 

The  absence  of  a  habitation  is  invariably  injurious.  The  mortality 
for  “  naked  ”  adolescents  in  the  above  experiment  was  eighty-one 
percent.  Even  with  wild  adults  death  usually  follows  after  a  short 
continuance  of  the  “naked”  condition.  Injury  to  the  soft  and 
defenseless  abdomen  is  generally  the  immediate  cause  of  death,  but 
there  are  occasional  indications  which  may  point  to  some  general 
physiological  disturbance  caused  by  the  lack  of  a  body  covering. 
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Effect  of  the  shell  on  structure. —  Since  the  shell  determines  to 
some  extent  the  duration  of  the  glaucothoe  phase  and  also  affects 
the  health  of  the  crab,  a  further  influence  might  be  perhaps  expected. 
But  in  vain.  The  order  in  which  the  different  organs  develop  from 
the  larval  to  the  adult  type  is  the  same  whether  the  glaucothoe 
obtains  its  shell  early  or  late  in  the  period.  It  is  independent  of  the 
presence  or  absence  of  the  shell,  and  is  not  affected  by  its  shape. 
Moreover,  no  difference  in  the  structure  or  arrangement  of  the 
parts  of  the  body  of  sixth-stage  crabs  reared  under  the  various 
conditions  can  be  detected,  except  in  the  reduction  of  the  pleopods. 
A  crab  of  this  age,  typically,  has  no  pleopods  on  the  right  side  of 
the  body,  but  this  is  not  invariably  the  case  even  among  “  normally 
reared  ”  larvae,  and  some  crabs  retain  rudiments  of  one  or  more  of 
these  appendages.  The  metamorphosis  of  the  pleopods  has  been 
expressed  by  the  following  formulae  (see  page  158)  :  — 


Glaucothoe. 

Sixth  Stage. 

Adult  $ . 

Adult  9 . 

Segment  1 

0  :  0 

0  :  0 

O 

O 

0  :  0 

“  2 

R  :  R 

Ru  :  0 

0  :  0 

R  :  0 

“  3 

R  :  R 

R  :  0 

R  :  0 

R  :  0 

“  4 

R  :  R 

R  :  0 

R  :  0 

R  :  0 

“  5 

R  :  R 

R  :  0 

R  :  0 

R  :  0 

“  6 

+R  :  R— 

1 

+ 

+R  :  R— 

+R  :  R— 

However,  since  segments  one  and  six  do  not  vary,  the  formulae  may 
be  written  in  briefer  form  :  glaucothoe  =  R,  R,  R,  R  :  R,  R,  R,  R  ; 
sixth  stage  —  Ru,  R,  R,  R  :  O,  O,  O,  O  ;  adult  $  —  O,  R,  R,  R  : 
O,  .0,  O,  O  ;  and  adult  9  =  R,  R,  R,  R  :  O,  O,  O,  O. 

The  nature  of  the  variations  from  the  normal  sixth-stage  formula 
under  all  conditions  was  studied  in  about  five  hundred  crabs 
which  had  been  reared  from  the  glaucothoe  as  follows  :  107  in  dex- 
tral  shells,  62  in  straight  shells,  103  in  sinistral  shells,  and  221  with¬ 
out  shells.  Of  these  493  crabs,  159  or  thirty-two  percent  varied 
from  the  usual  pleopod  formula.  The  different  variations  were 
numerous,  but  they  fall  naturally  into  three  groups  :  (a)  those 
where  one  or  more  of  the  right  appendages  were  retained  as 
large  (Ru  +  ).  medium  (Ru),  or  small  (Ru  — )  rudiments,  in  order 
from  before  backward ;  (b)  those  where  there  was  loss  in  number  or 
size  of  the  pleopods  on  the  left  side ;  and  (c)  those  where  there  was 
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irregularity  in  the  retention.  The  time  that  each  crab  was  under 
the  microscope  had  to  be  very  limited  and  the  dimensions  given  do 
not  represent  measurements,  but  are  based  on  comparisons  with  the 
unaltered  pleopods  of  the  left  side. 


Class  A. 

Rudiments  without  joints  or  rami.  Twenty-five  combinations, 
but  only  a  few  common  to  several  specimens,  viz. :  — 


Ru, 

R,  R,  R  :  Ru, 

o, 

0, 

0, 

9 

examples. 

All  series. 

Ru, 

R,  R,  R  :  Ru, 
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0, 

0, 

8 

a 

All  series  excepting 
indifferent. 

Ru, 

R,  R,  R  :  Ru, 

Ru, 

Ru, 

Ru — , 

12 

a 

Naked  series  only. 

Ru, 

R,  R,  R  :  Ru, 

Ru, 

Ru, 

Ru, 

14 

ll 

All  series.  . 

Ru-f- ,  R,  R,  R  :  Ru-|-,  Ru-f,  Ru+,  Ru-f,  13  “  Naked  and  indiffer¬ 

ent  only. 

Class  B. 

Rudiments  without  joints  or  rami.  The  variations  of  this  class 
are  probably  only  the  result  of  defective  ecdysis  or  injury  during  the 
glaucothoe  stage.  Three  examples. 

Ru-)-,  Ru-f,  Ru-f,  Ru-f  :  Ru,  Ru,  Ru,  Ru,  1  example.  Normal  series. 

0,  R,  R,  R  :  0,  O,  O,  Ru,  1  u  Sinistral  series. 

Ru-f,  Ru-f,  Ru-f,  Ru-f  :  Ru-f,  Ru-f,  Ru,  Ru,  1  “  Indifferent  series. 


Class  C. 

9 

Rudiments  without  joints  or  rami  except  once,  where  the  append¬ 
age  was  small,  but  perfectly  formed  and  of  male  type  (R*).  Eleven 
examples  in  all. 


Ru,  R,  R,  R  :  Ru,  0,  Ru, 

Ru, 

1  example. 

Normal  series. 

Ru,  R,  R,  R  :  Ru,  Ru,  R, 

0, 

1 

«  * 

ll  ll 

Ru,  R,  R,  R  :  0,  Ru-f,  (3, 

0. 

1 

a 

ll  ll 

Ru,  R,  R,  R  :  Ru,  0,  Ru — , 

0, 

1 

a 

Sinistral  series. 

Ru,  R,  It,  R  :  0,  0,  Ru, 

0, 

1 

a 

ii  a 

Ru.  R,  R,  R  :  (3,  Ru— ,  Ru— , 

0, 

3 

it 

Naked  and  sinistral  series. 

Ru,  R,  R,  R  :  Ru,  Ru-f,  Ru, 

0, 

1 

ti 

Naked  series. 

Ru,  R,  R,  It  :  0,  0,  '  R* 

o, 

1 

it 

Sinistral  series. 

Ru,  It,  R,  R:0,  Ru-f ,  Ru, 

R, 

1 

u 

Naked  series. 
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The  distribution  of  the  variations. —  The  crabs  that  showed  the 

variations,  the  variants ,  were  distributed  among  the  different  con- 

% 

ditions  as  follows  :  — 


1. 


Normal 

107 

crabs 

21  v 

ariants 

19.6  percent. 

Indifferent 

62 

<< 

10 

u 

16.0 

u  . 

Sinistral 

103 

u 

23 

u 

22.2 

u 

Naked 

221 

u 

105 

a 

47.0 

a 

The  percentages  of  the  actual  combinations  under  each  environ¬ 
ment  to  the  whole  number  of  variations  recorded  for  all  environ¬ 
ments  were :  — 


9 

—  • 

Normal  28  percent  of  all  the  combinations. 


Indifferent 

26 

u 

u  a  u 

u 

Sinistral 

36 

a 

u  u  u 

u 

Naked 

221 

u 

u  u  u 

a 

f 


The  actual  combinations  of  each  kind  presented,  as  compared  with 
all  the  recorded  combinations  for  each  class  of  variations  were :  — 


3. 


A 

B 

C 

Normal 

24% 

33% 

30% 

Indifferent 

32  “ 

33  “ 

— 

Sinistral 

36  “ 

33  u 

50  “ 

Naked 

94  “ 

— 

25  “ 

The  distribution  of  the  variant  crabs  anions;  the  classes  of  varia- 

O 

tions  was  as  follows  :  — 


4. 


A 

B 

C 

Normal 

21  variants 

GO 

4.7% 

14.0% 

Indifferent 

10  “ 

80  “ 

4.7  “ 

— 

Sinistral 

23  “ 

74  “ 

4.7  “ 

17.0  “ 

Naked 

105  “ 

96  “ 

_ 

3.8  “ 
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The  first  two  tables  closely  parallel  the  results  of  the  experiments 

on  the  rate  of  development.  Here  again  the  emphasis  is  placed  on 

$ 

the  actual  presence  or  absence  of  the  body  covering  rather  than  on 
its  form.  The  crabs  reared  in  sinistral  shells  had  only  a  slightly 
larger  percentage  of  varying  individuals  or  variants,  and  only  a  little 
higher  degree  of  variability  than  normally  reared  larvae.  But 
those  which  had  never  entered  a  shell  showed  more  than  twice  the 
normal  percentage  both  of  variants  and  of  variability.  The  crabs 
reared  in  straight  shells  were  less  variable  both  in  respect  to  the 
number  of  variants  and  to  the  combinations  of  characters  than  the 
normal,  just  as  in  the  earlier  experiments  nearly  ninety  percent  of 
the  “  indifferent  ”  glaueothoe  remained  five  days  in  the  stage  as 
against  fifty-seven  percent  of  the  normally  reared  glaueothoe.  I 
cannot  suggest  any  explanation  for  this  phenomenon. 

Tables  3  and  4  are  somewhat  disappointing.  The  greater  varia¬ 
bility  of  the  “sinistral  ”  and  “naked  ”  crabs  over  normally  reared,  is 
not,  except  with  the  variations  of  class  A,  either  united  with  a 
tendency  toward  a  larger  percentage  of  combinations  compared  to 
all  the  combinations  for  any  class,  or  with  leanings  toward  the 
peculiar  variations  of  class  C,  although,  a  priori,  both  contingencies 
might  have  been  expected.  The  numerous  variant  crabs  of  the 
“  naked  ”  series  were  almost  all  members  of  class  A.  Three  of  the 
most  striking  variations  found,  viz. :  Ru,  R,  R,  R  :  Ru,  R*,  Ru,  O, 
Ru,  R,  R,  R  :  Ru,  Ru,  R,  O  and  Ru,  R,  R,  R  :  O,  Ru  +  ,  Ru,  R, 
were  presented  by  crabs  from  the  normal,  sinistral  and  naked  series. 

Although  the  presence  of  a  sinistral  shell  or  the  lack  of  any 
covering  for  the  body  affects  the  larva  only  with  resj^ect  4o  one 
series  of  organs,  the  pleopods,  it  might  seem  that  a  continuance  of 
such  a  condition  might  be  more  potent ;  at  least  to  conserve  the 
variations  already  present.  The  rudimentary  pleopod  on  the  second 
segment  becomes  in  the  female  the  largest  of  the  abdominal 
appendages.  May  it  not  be  possible  for  a  similar  reconstructive 
power  occasionally  to  reside  in  those  other  rudiments  which  are 
retained  by  so  many  sixth-stage  larvae,  despite  the  fact  that  typic¬ 
ally  with  the  males  this  appendage  lacks  reconstructive  power  and 
is  lost  very  early  in  adolescent  life.  On  experiment,  however,  it  was 
found  that  outside  of  the  jfieopods  no  organ  was  affected  at  all  by  a 
continuance  of  abnormal  conditions  and  only  in  a  sin<de  case  were 
the  latter  altered. 
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In  the  summer  of  1900,  a  number  of  crabs  from  “sinistral” 
experiments  were  kept  with  sinistral  shells.  No  especial  attention 
was  paid  them.  One  of  these  grew  much  more  rapidly  than  its 
mates  and  when  it  was  about  eighty  days  past  the  glaucotlioe  phase 
it  was  examined.  It  then  had  a  carapace  3.7  mm.  in  length,  an 
antennal  flagellum  of  35  joints,  an  ophthalmic  scale  which  wras  adult 
in  form,  and  sexual  “pseudo-orifices  ”  on  the  third  pair  of  limbs,  i.  e., 
in  the  female  position.  The  pleopods,  however,  were  of  male  number 
and  type  with  the  addition  on  the  right  side  of  the  fourth  segment 
of  a  pleopod  exactly  like  the  corresponding  appendage  on  the  left. 
The  formula  was  :  O,  R,  R,  R, :  O,  O,  R,  O. 

I  am  not  inclined  to  attach  much  importance  to  this  peculiar 
specimen  and  least  of  all  to  regard  its  peculiarities  as  connected  with 
its  life  in  a  sinistral  shell.  With  the  exception  of  the  pleopod 
it  was  internally  and  externally,  a  dextrally  asymmetrical  crab. 
Although  it  had  lived  for  eighty  days  from  the  glaucotlioe,  it  had 
not  lost  the  male  type  of  pleopod,  when  normally  the  female  type 
should  be  almost  or  completely  established.  Moreover,  the  pleo¬ 
pods  were  of  male  number,  while  the  “  pseudo-orifices  ”  were  in  the 
female  position.  It  seems  to  me  that  this  crab  was  merely  a  sport, 
resulting  very  probably  from  the  unnatural  conditions  of  captivity, 
and  just  as  likely  to  have  appeared  in  one  series  of  experiments  as 
in  another.  However,  it  certainly  shows  that  the  retained  rudiments 
of  the  sixth  stage  may  occasionally  be  conserved  or  reconstructed. 

An  attempt,  during  the  following  year,  to  repeat  this  experiment 
wTith  larvae  that  were  known  to  be  variants,  was  unfortunately 
rendered  inconclusive  by  an  unusually  high  mortality.  One  hundred 
and  eighteen  variant  sixth-stage  crabs  were  collected,  chiefly  from 
“  naked  ”  and  “  sinistral  ”  experiments,  and  reared  to  the  adult  form 
under  the  following  conditions  :  30  in  dextral  shells,  7  in  straight 
tubes,  30  in  sinistral  shells,  and  58  without  shells.  Out  of 
these  only  37  survived  to  be  examined — a  dead  crab  is  almost 
immediately  so  mangled  by  the  survivors  as  to  be  worthless  for 
study  —  and  in  no  case  did  any  crab  preserve  the  variations  beyond 
the  seventh  stage  and  only  16  percent  retained  them  into  that  stage. 
That  is,  whenever  the  moult  from  the  sixth  stage  failed  to  give  the 
normal  adult  pleopod  formula,  the  succeeding  ecdvsis  produced  it. 

Further  investigations  ought  to  be  made  in  this  direction.  They 
require  but  little  care  outside  of  a  supply  of  food,  as  metazoea  may 
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daily  be  placed  in  a  jar,  the  glaucothoe  removed  as  they  appear  and 
reared  in  balanced  aquaria,  new  larvae  being  continually  added  and 
the  young  crabs  studied  as  fast  as  they  attain  the  adult  form. 
Reliance  should  be  mainly  placed  on  sinistral  shells.  It  is  a  waste 
of  material  to  keep  adolescent  crabs  naked. 

The  results  from  the  foregoing  study  of  larvae  under  various 
conditions  with  respect  to  the  shells,  effectually  dispose  of  any 
probability  that  the  adult  crab  can  be  modified  by  altering  the  form 
of  the  shell  in  which  it  lives.  If  in  the  presumably  most  plastic 
period  of  the  animal’s  life,  when  there  is  in  addition  a  slight  varia¬ 
bility  to  work  upon,  we  are  unable  to  alter  the  structure  except  in  a 
most  trivial  detail  and  then  but  rarely  — supposing  that  the  retention 
of  the  pleopod  by  the  crab  in  1900  was  due  to  the  form  of  the  shell 
—  we  cannot  expect  for  an  instant  that  even  a  long  continuance  in 
an  abnormal  shell  will  modify  the  adult. 

The  occasional  discovery  of  a  hermit  crab  (Milne- Edwards  & 
Bouvier,  ’91;  Marchal,  ’91)  in  a  left-handed  shell  has  no  significance 
in  this  connection.  The  supply  of  shells  runs,  along  shore  at  least, 
very  close  to  the  demand.  Residence  in  a  sinistral  shell  simply 
means  that  the  crab  has  been  dispossessed  and  is  protecting  his  body 
with  the  best  hollow  object  available.  An  endless  list  of  such  habi¬ 
tations  might  be  compiled.  I  have  collected  adult  crabs  in  the  shells 
of  Crepidula  and  Vermetus  ;  and  my  glaucothoe  used  every  hollow 
object  they  came  across,  from  bits  of  algae  that  were  twisted  or  rolled 
and  broken  float-bladders  of  Fucus  or  Sargassum,  to  fragments  of 
exuviated  crustacean  integument  and  fragments  of  the  fine  dirt-tubes 
of  small  Annelids.  There  is  no  case  where  any  departure  from  the 
normal  form  has  been  found  in  a  crab  which  was  using  an  unusual 
residence. 

Choice  of  shells.  —  A  consideration  of  the  dextral  asvmmetry  of 
our  hermit  crabs  with  the  role  played  by  the  shell  in  the  ontog¬ 
eny,  naturally  leads  to  the  question  whether  these  crabs  evince 
any  preference  for  one  type  of  shell  over  another.  The  only 
investigator  who  has  attempted  to  study  this  experimentally 
(Bouvier,  ’92)  has  come  to  the  conclusion  that  they  do  not  show  a 
preference  for  dextral  over  sinistral  shells,  lie  experimented  by 
supplying  the  crabs  with  a  mixture  of  shells  of  different  sorts  and 
then  keeping  a  record  of  their  movements.  Approached  from  this 
side,  the  problem  is  difficult  of  solution.  When  a  crab  seizes  on  a 
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new  shell,  it  turns  it  over  and  over,  thrusts  the  chelipeds  within 
the  chamber  and  then  probably  enters  it.  As  far  as  I  can  judge, 
the  preliminary  exploration  merely  tells  the  crab  that  the  “shell  ”  is 
hollow,  empty,  and  clean,  and  I  cannot  agree  with  those  who  would 
see  in  it  a  measuring  or  comparing  of  the  shell.  Apparently  the 
crab  does  not  perceive  either  the  type  or  the  size  of  the  shell  until  it 
has  inserted  its  abdomen  into  the  chamber  and  tested  the  shell  by 
moving  about  in  it,  etc.,  deciding  by  actual  trial  whether  the  new 
will  prove  better  than  the  old  house.  It  almost  invariably  keeps  a 
firm  hold  on  its  former  habitation,  so  as  to  be  able  to  return  to  it  if 
the  new  house  proves  ineligible.  This  method  of  selection  by  trial 
leads  to  numerous  changes  that  are  inconclusive  and  only  serve  to 
confuse  an  observer. 

On  the  other  hand,  there  seems  to  me  to  be  evidence  which  points 
to  a  preference  for  shells  of  dextral  type.  If  a  single  right-handed 
shell  is  dropped  into  an  aquarium  where  the  crabs  are  in  straight 
tubes  or  sinistral  shells,  it  will  in  the  long  run  be  found  and  used  — 
unless  its  size  be  utterly  inadequate  —  even  though  the  bottom  is 
encumbered  with  empty  shells  of  other  sorts.  Similarly  there  is 
a  tendency  to  abandon  sinistral  shells  for  straight  tubes.  This  does 
not  indicate  any  deliberate  choice.  The  crabs  are  constantly 
changing  shells  and  if  one  obtains  the  dextral  shell  he  does  not  as 
readily  exchange  it  as  he  would  a  shell  of  other  type.  Hence  that 
shell  will  be  found  in  use  when  the  aquarium  is  examined. 

In  general,  for  both  larvae  and  adults,  the  need  seems  to  be,  first 
for  a  covering  and  then  for  one  of  suitable  size  and  shape.  The 
animal  is  twisted  dextrally.  Therefore,  other  things  being  equal, 
the  desire  for  a  well  fitting  house  will  tend  to  bring  the  crab  into 
a  right-handed  shell.  But  there  are  evidently  a  number  of  unknown 
factors  which  enter  into  a  choice,  especially  a  choice  between  shells 
of  the  same  type.  And  there  are  many  instances  where  crabs  leave 
shells  that,  as  far  as  appearances  go,  are  vastly  more  suitable  than 
the  ones  they  substitute  for  them. 

The  larvae  show  the  tendency  to  take  dextral  shells  more  strongly 
than  do  the  adult  crabs.  The  experiments  show  that  young 
provided  with  shells  of  unusual  form  are  more  restless  than  those 
provided  with  dextral  shells.  The  number  that  were  found  swim¬ 
ming  after  the  first  twenty-four  hours,  which  means  that  they  were 
either  deferring  their  entrance  into  a  shell  or  had  come  out  again 
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after  entrance,  aggregated  36  percent  of  all  individuals  in  the  sin- 
istral  series,  20  percent  for  the  “indifferent”  and  16  percent  in  the 
normal  series.  The  observed  cases  where  glaucothoe  abandoned 
their  shells  when  disturbed,  were  7  percent  in  the  sinistral  experi¬ 
ments,  but  only  1  percent  in  the  normal.  In  the  “  indifferent  ” 
experiments  no  specimen  was  observed  to  act  in  this  manner.  More¬ 
over,  a  single  dextral  shell  dropped  into  an  aquarium  will  certainly 
be  found  and  used. 

When  several  glaucothoe  are  placed  in  a  dish  on  the  bottom  of 
which  there  are  scattered  various  shells,  we  find  that  as  each  larva 
stops  swimming,  settles  down  and  crawls  on  the  bottom,  it  examines 
the  objects  in  its  path  and  is  apt  to  enter  the  first  that  has  a  cavity 
in  it.  Then,  if  not  satisfied,  it  either  recommences  swimming  or, 
more  usually,  makes  a  further  search  dragging  about  its  newly 
acquired  house.  It  is  well  known  (Agassiz,  ’75 )  that  in  the  inves¬ 
tigation  and  use  of  a  shell  the  glaucothoe  handle  the  shell  exactly 
in  the  same  manner  as  do  adults.  My  observations  would  make 
them  subject  also  to  the  same  limitations. 

Like  other  investigators,  I  have  not  been  able  to  repeat  the  obser¬ 
vation  (Brooks,  ’99)  that  hermit  crabs  “  even  make  vacant  [a  shell] 
that  seems  eligible  by  pulling  out  its  occupant  piece  by  piece  and 
eating  him,”  although  a  dead  snail  is  quickly  devoured  by  the  crabs 
and  the  emptied  shell  not  infrequently  used.  If  the  snail,  while  the 
crabs  are  pulling  and  picking  at  it,  gets  pulled  out  bodily,  the  vacant 
shell  may  indeed  be  taken  by  one  of  the  diners,  but  more  usually  the 
crabs  devote  their  attention  to  the  meat  and  leave  the  shell  unno¬ 
ticed.  I  have  never  seen  anything  which  would  imply  an  inten¬ 
tional  or  necessary  connection  between  the  eating  of  the  snail  and 
the  use  of  the  vacant  shell.  When,  however,  a  crab  is  searching  for 
a  shell  he  acts  in  a  very  different  manner,  attempting  to  pull  out  the 
dead  meat  bodily,  just  as  other  rubbish  is  removed  from  a  shell 
that  is  being  examined.  The  snail  may  be  eaten  after  removal,  and 
I  have  seen  a  shell-hunting  crab  eat  fragments  which  were  torn  off 
while  he  was  trying  to  extract  the  snail.  But  this  is  unusual ;  for, 
as  a  rule,  if  the  snail  does  not  come  out  readily  the  crab  either  aban¬ 
dons  the  attempt,  or  if  desperately  in  need  of  a  residence  crowds  in 
between  the  meat  and  the  shell. 
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The  Asymmetry. 

Although  it  is  evident  that  the  structural  modifications  possessed 
by  the  majority  of  the  hermit  crabs  are  on  the  whole  in  closest 
correlation  with  the  use  of  dextrally  spiral  shells  as  residences,  there 
are  two  genera  in  the  group  which  suggest  that  the  asymmetry  in 
its  beginnings  was  perhaps  not  connected  with  this  mode  of  life. 
Mixtopagurus  certainly  might  be  regarded  as  pointing  to  an  origin 
for  the  asymmetry  prior  to,  or  outside  of  the  use  of  a  coiled  shell,  as 
it  combines  a  slight  dextral  twist  with  residence  in  holes  in  bits  of 
wood.  The  sinistral  asymmetry  of  Henderson’s  genus  Paguropsis 
also  seems  difficult  of  explanation  on  any  theory  which  would  derive 
the  asymmetry  primarily  from  the  use  of  shells.  For  the  right- 
handed  spiral  has  always  been  the  predominant  type  of  coil  among 
the  marine  Gastropod  Mollusca.  The  point  of  view  with  regard  to 
these  genera  remains  unchanged  whether  the  Pagurids  be  considered 
as  a  natural  or  a  convergent  group. 

This  question  of  the  origin  of  the  asymmetry  seems  to  me  to  be 
insoluble  at  the  present  day.  Detail  of  the  adult  anatomy  is  as  yet 
very  scanty  and  for  those  genera  about  which  most  is  known  it  does 
not  bear  closely  on  the  problem.  Probably  a  large  number  of  the 
anatomical  peculiarities  of  such  a  typically  asymmetrical  genus  as 
Eupagurus,  for  example,  may  be  looked  upon  as  inherited ;  similar 
structures  being  found  among  the  Thalassinidea,  the  modern  repre¬ 
sentatives  of  the  stock  from  which  the  hermit  crabs  were  in  all 
likelihood  derived  (Ortmann,  :01).  For  example,  the  weak  integu¬ 
ment  of  the  abdomen  finds  its  counterpart  among  the  members  of  the 
latter  group.  These  live  in  burrows  or  crevices  and  probably  their 
ancestors  had  similar  habits.  So  the  Pagurids  might  have  attained 
a  much  weakened  integument  before  they  began  to  exchange 
stationary  for  movable  “  burrows.”  There  is  a  curious  resemblance 
between  the  degenerative  details  of  the  abdominal  muscles  of  the 
Eupagurids  and  those  of  Gebia.  Unfortunately,  knowledge  of  the 
abdominal  musculature  of  more  generalized  Thalassinids  than  Gebia 
is  wanting.  And  even  if  the  details  shall  be  found  to  agree  in  the 
two  groups,  such  a  reduction  of  parts  may  be  merely  the  usual  out¬ 
come  where  the  abdomen  is  little  used  by  a  burrowing  species  and 
not  necessarily  peculiar  to  the  Pagurids,  nor  inherited  from  their 
Thalassinoid  ancestors. 


196  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Other  anatomical  details  also  fail  to  throw  light  on  the  problem. 
The  alterations  by  which  the  posterior  end  of  the  body  has  been 
transformed  into  a  hook-like  organ  point  to  life  in  a  movable 
residence,  bat  might  have  been  developed  in  either  a  straight  or  a 
spiral  house.  The  tuberculated  areas  on  the  uropods  in  the  more 
symmetrical  hermit  crabs  and  on  both  uropods  and  posterior  thoracic 
feet  in  the  asymmetrical  forms,  do  not  even  indicate  life  in  a  mov¬ 
able  residence.  They  are  found  in  Pylocheles,  which  lives  in  the 
cavities  of  sponges.  The  reduction  of  the  ventral  abdominal  artery 
also  may  have  come  in  either  early  or  late  in  the  development  of  the 
hermit  crab  group.  This  vessel  is  very  weak  in  some  Thalassinids, 
e.  g .,  Gebia  deltura  (Bouvier,  ’90),  and  is  still  present  in  the 
anterior  abdomen  of  so  asymmetrical  a  Pagurid  as  Paguristes 
(Bouvier,  ’90a).  The  record  might  be  thus  continued  with  respect 
to  other  characters  and  with  the  same  result.  Our  knowledge  of 
the  adult  anatomy  is  insufficient  to  throw  light  upon  the  origin  of 
the  asymmetry,  although,  as  already  noted,  the  anatomy  has  been 
profoundly  modified  for  the  life  in  spiral  shells. 

The  metamorphosis  is  also  inconclusive  on  this  point  except  in  one 
particular ;  and  this  merely  points  to  an  early  use  of  a  dextrally 
spiral  shell  and  does  not  bear  upon  the  beginnings  of  the  asymmetry. 
I  refer  to  the  displacement  of  the  right  liver  to  the  left  of  the  intes¬ 
tine  and  mid-line  of  the  abdomen  as  the  livers  pass  back  from  the 
thoracic  position.  That  this  must  be  interpreted  as  palingenetic 
seems  to  me  to  be  fairly  certain.  Not  only  is  it  natural  to  extend 
this  significance  from  the  liver,  shift  itself  to  the  displacement,  but 
the  change  also  is  an  essentially  transitory  phenomenon  and  it  is 
very  hard  to  imagine  any  cause  on  other  grounds  for  its  introduction 
into  the  metamorphosis.  If  the  displacement  be  palingenetic,  it  will 
go  far  to  support  the  idea  of  an  early  use  of  shells.  The  shift  of  the 
livers  in  the  phylogeny  of  the  group  probably  occurred  very  early,  for 
these  organs  have  had  time  to  attain  a  complicated  structure  since 
reaching  the  abdominal  region.  Further,  they  lie  far  back  in  the 
thorax  in  modern  Thalassinids.  Now,  if  these  organs  were  already 
abdominal  at  the  time  when  the  shell  was  first  assumed,  it  is  difficult 
to  understand  how  the  compression  of  the  right  side  of  the  body 
against  the  columella  of  the  shell  could  have  caused  a  displacement 
rather  than  an  atrophy  of  the  right  liver.  But  if  they  were  still 
thoracic  or  barely  abdominal  when  life  in  shells  first  began,  displace- 


THOMPSON:  METAMORPHOSES  OF  HERMIT  CRAB.  197 


ment  during  the  development  of  the  abdominal  position  would  be 
the  most  likely  outcome.  These  considerations  make  it  seem  prob¬ 
able  that  the  shell  was  taken  early  in  the  history  of  the  group,  and 
so  indirectly  support  that  theory  which  derives  the  asymmetry  pri¬ 
marily  from  use  of  shells. 

Another  important  consideration  adds  further  support  to  this 
view.  At  the  time  when  the  ancestor  or  ancestors  of  the  hermit 
crabs  began  to  seek  other  residences  than  burrows  or  crevices,  the 
chances  would  have  been  favorable  for  the  immediate  use  of  dextrally 
spiral  shells.  The  Pagurid  group  cannot  have  originated  before  the 
late  Cretaceous  or  early  Eocene  (O.rtmann,  :  01)  while  the  Gastro¬ 
poda  are  geologically  a  very  old  group.  So  we  may  suppose  that 
a  supply  of  mainly  dextral  shells  would  have  been  at  hand  when  the 
hermit  crabs  besjan  to  use  “  movable  burrows  ”  and  the  asvmmetry 
might  have  been  affected  by  the  shell  at  the  very  outset.  This  of 
course  leaves  the  sinistral  asymmetry  of  Paguropsis  unexplained. 

Thus  the  whole  question  falls  back  on  general  considerations,  and 
on  such  a  basis  there  is.no  reason  to  abandon  our  “ shell”  theory 
despite  the  lack  of  positive  evidence.  The  relationships  of  such 
forms  as  Mixtopagurus  and  Paguropsis  to  the  other  genera  of  the 
group  are  wholly  unknown.  In  fact,  the  relationships  existing 
between  the  various  genera  as  a  whole,  are  very  obscure.  The 
group  is  in  all  likelihood  convergent  and  not  natural,  although  there 
is  reason  to  believe  that  most  of  the  genera  are  genetically  related. 
If  convergent,  the  parts  of  the  group  may  be  of  different  ages,  the 
characteristic  mode  of  life  being  assumed  at  different  times  by  vari¬ 
ous  forms.  All  this  confusion  must  be  cleared  away  before  the 
asymmetry  can  be  thoroughly  understood.  And  this  will  require 
a  vastly  more  extensive  anatomical  knowledge  than  we  at  present 
possess.  The  extent  of  the  group  and  the  poor  preservation  of  the 
internal  anatomy,  particularly  in  the  abdominal  region,  have  hitherto 
turned  investigation  toward  description  of  species  and  genera. 
While  this  is  necessary,  it  usually  does  not  lay  enough  emphasis  upon 
the  anatomy  as  a  whole,  but  is  content  with  a  record  of  the  more 
obvious  and  superficial  detail  of  carapace  and  limbs.  JSow  research 
must  go  farther  afield.  We  need  information  with  respect  to  the 
finer  details  of  the  structure  in  each  species.  I  believe  the  clue  to  the 
origin  of  the  asymmetry  and  to  the  phylogeny  of  this  group  of  Crus¬ 
tacea  lies  in  a  study  of  the  internal  rather  than  the  external  anatomy. 
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The  Glaucotiioes. 

Iii  the  year  1880,  Mil ne-Ed wards  described  a  small,  supposedly 
adult  shrimp  under  the  name  “  Glaucothoe  peronii.”  No  one  seems 
to  have  questioned  the  validity  of  this  form  as  a  true  species,  until 
the  year  1864,  when  Muller  pointed  out  its  similarity  to  the  post- 
zoeal  stage  of  “  Pagurus  ”  and  suggested  that  it  might  be  a  larva. 
But  since  that  time  the  problems  arising  out  of  Muller’s  suggestion 
have  attracted  the  attention  of  several  carcinologists.  On  the  one 
hand,  Bate  (’66,  ’68)  asserted  that  Glaucothoe  was  “only  a  larval 
Pagurus”  and  Faxon  (’82)  simply  identified  his  postzoeal  Pagurids 
with  Milne-Edwards’s  genus  and  with  the  older  genus  Prophylax 
(Latreille,  ’30)  •  while  on  the  other  band,  Claus  (’76)  asserted  that 
the  structure  of  the  mouth  parts  in  Glaucothoe  was  adult  rather 
than  larval;  Miers  (’81)  described  a  second  species,  G.  rostrata\ 
and  Henderson  (’88)  described  a  third  species,  G.  carinata. 

More  recently  the  whole  problem  has  been  re-attacked  by  Bouvier 
through  a  study  of  the  Glaucothoes  themselves  and,  in  the  year 
1891,  he  published  the  results  of  his  work.  He  concluded  that 
these  forms  were  undoubtedly  larval,  since  they  lacked  sexual 
orifices  and  opthalmic  scales  ;  that  they  were  Pagurid  rather  than 
Thalassinid  and  belonged  to  the  asymmetrical  Pagurids ;  that  they 
were  not  a  natural  group,  for  on  structural  grounds  G.  peronii  was 
assigned  to  Sympagurus,  while  G.  carinata  lay  nearer  “Pagurus  or 
a  related  form  ”  ;  and  that  they  presented  “  exactly  all  the  essential 
characters  of  the  larvae  described  by  certain  embryologists  under 
the  name  of  glaucothoes.” 

Now  my  research,  as  has  been  the  case  with  the  work  of  other 
students  of  Pagurid  development,  does  not  bear  directly  on  the 
main  problem  presented  by  these  peculiar  crustacean  forms.  But 
it  does  involve  some  subordinate  phases  of  the  problem  and  affects 
some  of  the  suggestions  which  have  been  put  forward  during  the 
discussion.  Two  main  objections  have  been  brought  against  the 
“larval  theory”  :  the  great  size  —  10  to  20  mm. —  of  the  Glaucothoe 
as  compared  with  all  known  glaucothoe-stage  larvae,  and  the  feeling 
that  if  these  forms  were  really  developmental  stages  they  would  be 
more  abundant.  Henderson  (’88)  has  especially  laid  stress  on  this 
latter  point.  It  seems  to  me  that  the  cogency  of  both  of  these 
objections  has  been  overestimated. 
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Although  historical  parallels  are  unsafe,  it  is  interesting  to  note 
the  essential  likeness  of  the  argument  from  relative  size  to  one  of 
the  objections  brought  by  Westwood  (’35)  against  J.  Y.  Thompson’s 
assertion  that  the  higher  Decapoda  developed  through  a  metamorpho¬ 
sis.  He  said  that  he  had  collected  “specimens  of  zoea  that  were  ten 
lines  long  between  the  spines,  ....  far  too  large  to  suppose  that 
they  would  subsequently  put  off  their  zoe  form  and  appear  as  crabs, 
bearing  at  the  same  time  in  mind  ....  the  minute  size  of  the  latter 
animals  in  the  very  young  state,  although  possessing  their  ordinary 
form.” 

Similarly,  the  supposed  rarity  of  the  Glaucothoe  is  more  apparent 
than  real.  When  we  remember  that  these  forms  were  almost  all 
collected  at  some  depth  below  the  surface,  the  number  already  taken 
—  about  twenty  —  does  not  seem  especially  small.  And  further, 
even  among  littoral  Crustacea  the  larvae  are  often  less  abundant 
than  would  be  inferred  from  the  prevalence  of  the  adults.  The 
young  of  the  lobster,  Homarus,  for  example,  swim  freely  for  ten  to 
twenty  days  after  they  hatch,  but  they  are  not  commonly  taken  in 
tow  nets.  The  glaucothoe  larvae  of  the  Pagurids  themselves  have 
seldom  been  recorded.  The  Plankton  expedition  of  1889  does  not 
record  a  Pagurid  zoea,  and  the  glaucothoe  phase  is  relatively  much 
rarer  than  the  zoeae.  At  Woods  Hole,  where  hermit  crabs  are  very 
abundant  and  the  zoeae  are  obtained  in  unusually  large  numbers, 
fifteen  or  twenty  glaucothoe  would  be  an  excellent  haul  for  one  day, 
and  the  average  would  be  much  lower  than  this  without  considering 
the  days  when  the  animal  plankton  is  extremely  scanty,  although 
occasionally  I  have  collected,  on  particularly  favorable  night  tides, 
when  there  was  a  full  moon,  nearly  or  over  a  hundred  glaucothoe. 

My  research  bears  directly  upon  Bate’s  suggestion  (’68)  that  glau- 
cothoe-phase  larvae  probably  continue  in  the  form  until  they  obtain 
a  shell  and  perhaps  moult  and  grow.  Recently  this  theory  has 
been  elaborated  by  Bouvier  (’91a)  as  directly  applied  to  the  Glauco- 
thoes  themselves,  in  explanation  of  their  size  and  rarity.  “They 
are,  so  to  speak,  less  fortunate  larvae  than  the  rest,  which  continue 
to  grow  until  the  time  that  they  find  a  suitable  habitation.”  Now, 
I  find  in  the  genus  Eupagurus  a  glaucothoe  phase  that  comprises 
onlv  one  stage,  during  which  there  is  almost  no  increase  in  size. 
The  duration  of  this  period  is  short  and  it  is  but  little  affected  by 
delay  in  obtaining  a  habitation.  These  results  are  found  to  be  fully 
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in  accord  with  Agassiz’s  earlier  observations  ('75)  on  the  same 
genus,  when  his  rather  obscure  note  is  critically  examined.  And 
they  ought  to  make  us  cautious  in  assuming  as  at  all  characteristic 
of  Pagurid  ontogeny  either  the  existence  of  more  than  one  stage  in 
the  glaucothoe  phase  or  growth  during  that  period. 

However,  the  multiform  and  possibly  polyphyletic  nature  of  the 
Pagurid  group  must  not  be  overlooked.  So  that  no  general  conclu¬ 
sion  can  safely  be  based  on  the  ontogeny  of  a  single  genus.  Espe¬ 
cially  will  this  be  true  of  the  Glaucothoes.  Despite  Bouvier’s 
conclusions,  there  seems  reason  to  question  whether  they  can  be 
the  young  of  forms  closely  related  to  those  genera  for  which  glauco- 
thoe-stage  larvae  have  been  described,  viz. :  Eupagurus  (Rathke,  ’42  ; 
Bate,  ’68;  Faxon,  ’82;  Sars,  ’89),  Spiropagurus  (Sars,  ’89),  and 
Diogenes  (Czerniavsky,  ’84).  The  mouth  parts  of  Glaucothoe  as 
figured  by  Milne-Edwards  appear  more  mature  in  character  than 
the  corresponding  appendages  in  the  glaucothoe  phases  of  Eupag¬ 
urus  anullipes ,  longicarpus ,  or  our  variety  of  bernhardus.  For  the 
equivalent  stage  of  the  European  E.  bernhardus  we  have  figures  of 
the  maxillipeds  alone  (Rathke,  ’42),  but  they  agree  in  all  respects 
with  the  same  appendages  in  the  New  England  species.  The  mouth 
parts  of  the  other  described  glaucothoe  larvae  have  not  been  studied. 
The  differences  in  the  mandibular  palp,  in  the  first  maxilla,  and 
anterior  maxilliped  are  especially  noticeable  in  this  connection,  for 
in  Eupagurus  these  parts  have  retrogressed  from  their  condition  in 
the  zoeae  and  are  without  setae  or  at  most  only  provided  with  rudi¬ 
mentary  setae,  while  in  Glaucothoe  they  are  at  least  setose. 

The  absence  of  ophthalmic  scales  also  is  in  contrast  to  the  con¬ 
ditions  existing  in  the  larvae  studied  by  Sars  (’89)  and  Czerniavsky 
(’84)  and  probably  those  examined  by  Rathke.  With  respect  to 
his  larvae  Rathke  (’40,  ’42)  only  makes  the  indefinite  statement  that 
the  eyes  had  the  same  form  as  those  of  the  adult,  but  he  seems  to 
have  worked  upon  the  same  species  as  did  Sars.  Of  Bate’s  larva 
(’68)  nothing  is  known  with  respect  to  these  structures,  and  the 
young  figured  by  Faxon  (’82)  do  not  have  the  ophthalmic  scales. 
This  last  is  almost  unquestionably  attributable  to  oversight.  The 
figure  was  drawn  from  a  rough  sketch  in  which  there  was  no  intent 
to  show  more  than  the  general  form.  Moreover,  if  the  figure 
is  correct  with  respect  to  the  scales,  it  must  represent  the  glauco¬ 
thoe  phase  of  some  other  genus  than  Eupagurus.  Four  species  of 
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this  genus  have  these  scales  in  the  glaucothoe  stage.  As  the  figure 
was  drawn  from  a  specimen  collected  near  Woods  Hole,  a  region 
•characterized  by  the  practically  exclusive  predominance  of  the  genus 
Eupagurus  this  would  be  a  most  unlikely  contingency. 

At  the  present  time  three  u  species”  of  Glaucothoe  are  recognized, 
but  Bouvier  ('91)  has  noted  that  the  specimens  of  G.  peronii 
collected  by  the  “  Talisman  ”  are  not  wholly  like  Milne-Edwards’ 
type  specimen.  If  as  I  believe,  the  glaucothoe  phase  in  the  crabs 
from  which  these  larvae  are  derived,  is  short  and  without  any  appre¬ 
ciable  growth,  these  discrepancies  can  no  longer  be  explained  as 
differences  in  age  and  development.  They  indicate  rather  that  the 
young  of  more  than  one  species  of  hermit  crab  have  been  grouped 
under  the  single  name. 


Summary. 


The  adult  Eupagurus  has  a  dextral  asymmetry  which  not  only 
affects  every  organ  in  the  abdomen  but  extends  into  the  thoracic 
region,  so  that  scarcely  any  system  of  organs  in  the  body  escapes 
some  modification  or  displacement.  However,  with  the  exception 
of  the  flexor  muscles  and  arteries  of  the  abdomen,  the  homologies 
with  corresponding  parts  in  other  Decapoda  are  clear.  But  the 
diagonal  muscle  bands  and  the  peculiar  division  of  the  superior 
abdominal  artery  into  the  two  trunks,  b  and  b\  are  interpretable  only 
from  a  study  of  the  larva.  The  muscles  are  then  shown  to  be  a 
greatly  degenerated  loop-enveloping  system  from  which  the  trail s- 
versalis  muscle  has  been  lost.  The  arteries  resolve  themselves  into 
supra-abdominal  and  a  new  vessel,  primarily  derived  from  the  second 
segmental  artery  of  the  right  side.  This  latter  artery  is  probably 
peculiar  to  the  Pagurids  and  without  homologue  among  the  higher 
Macrura. 

The  development  is  concentrated.  There  are  four  stages  in  the 
zoea  phase,  the  last  of  which  is  a  metazoea.  The  postzoeal  or  glau¬ 
cothoe  phase  consists  of  one  stage  which  is  Macruran  in  general 
form  and  from  the  first  presents  a  mingling  of  adult  and  larval  char¬ 
acters.  The  external  anatomy,  especially  of  the  cephalothoracic 
region,  recalls  the  adult.  The  appendages  —  except  the  pleopods 
— the  gill  formula,  the  asymmetry  of  the  chelipeds  and  uropods, 
•the  structure  of  the  stomach,  the  concentration  of  the  nerve  ganglia 
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and  the  absence  of  a  distinguishable  nerve  center  for  the  first  abdo- 

* 

minal  segment  are  more  adult  than  larval.  On  the  other  hand, 
the  anatomy  and  positions  of  the  livers,  and  lateral  caeca,  the  mus¬ 
culature  of  the  stomach,  the  lack  of  an  intestinal  caecum,  and  the 
great  elongation  of  the  achitinous  portion  of  the  gut,  the  position  of 
the  sexual  cells  beneath  the  pericardial  septum,  and  the  preponder¬ 
ance  of  ganglion  cells  over  fiber  masses  in  the  nervous  system,  are 
essentially  as  in  the  zoeae.  Also  many  organs  may  be  interpreted 
as  presenting  palingenetic  as  well  as  developmental  characters.  The 
cephalic  position  of  the  green  glands,  the  thoracic  position  of  the 
livers,  the  structure  of  the  abdominal  muscles  and  arteries,  the  com¬ 
plete  set  of  pleopods,  and  the  segmented  abdomen  may  possibly 
serve  as  examples  of  this. 

The  metamorphosis  by  which  the  structures  attain  the  adult 
type  of  arrangement,  commences  before  a  shell  is  taken,  although 
the  larva  usually  enters  a  shell  within  the  first  forty-eight  hours 
after  the  moult  from  the  zoea  phase.  Through  it,  the  livers,  sexual 
cells  and  green  glands  become  wholly  or  in  part  abdominal,  the 
arterial  system  in  this  region  is  reorganized,  and  its  muscles  and 
pleopods  degenerate.  The  anatomy  becomes  completely  adult  in 
type  before  the  glaucothoe  period  ends. 

The  stimulus  of  a  shell  is  not  necessary  for  the  completion  of  this 
metamorphosis,  any  more  than  for  its  inauguration.  The  glaucothoe 
that  has  never  entered  a  shell  attains  the  adult  structural  type 
exactly  like  the  glaucothoe  which  may  have  taken  a  shell  immediately 
after  the  moult  from  the  zoea  phase.  The  shell  is,  nevertheless,  very 
important.  The  length  of  the  glaucothoe  period  bears  a  direct  rela¬ 
tion  to  the  time  that  elapses  between  the  moult  from  the  zoea  phase 
and  the  entrance  into  a  shell.  Under  normal  conditions  the  period 
ranges  from  four  to  eight  days,  lasting  five  days  for  a  majority  of 
individuals ;  but  deferring  or  preventing  the  taking  of  a  covering 
for  the  body  prolongs  it,  so  that  it  may  reach  six  or  seven  days  for 
a  majority  of  individuals.  The  range,  however,  is  not  altered. 
This  effect  is  derived  from  the  presence  or  absence  of  the  shell,  and 
is  not  dependent,  except  indirectly,  on  any  peculiarities  of  its  form. 

The  shell  also  deeply  affects  the  health  of  both  glaucothoe  and 
adult.  Among  glaucothoe  which  do  not  obtain  a  covering  for  the 
body  or  only  obtain  one  after  a  delay  of  some  days,  the  death  rate 
is  higher  than  among  more  normally  reared  individuals.  The  form 
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of  the  shell  here  plays  only  a  very  subordinate  part.  Adolescent 
crabs  which  are  kept  without  shells  show  an  increase  of  mortality 
similar  to  that  among  glaucothoe. 

The  anatomical  modifications  that  appear  during  the  glaucothoe 
stage  are,  with  but  one  exception,  uninfluenced  by  either  the 
presence,  absence,  or  form  of  the  shell.  The  exception  is  found  in 
the  retention  of  rudimentary  pleopods  on  the  right  side  of  the  body 
in  the  sixth  stage,  though  typically  at  this  period  appendages  should 
be  absent  from  this  side.  The  percentages  of  crabs  that  vary  from 
the  typical  arrangement  and  the  number  of  the  variations  displayed, 
are  larger  among  larvae  which  have  been  reared  without  shells. 
The  form  of  the  shell  is  important  to  a  small  degree,  and  sixth-stage 
larvae  reared  from  the  glaucothoe  in  sinistral  shells  are  slightly  more 
variable  than  individuals  reared  with  dextral  shells. 

In  a  single  instance  a  crab  reared  in  a  sinistral  shell  reconstructed 
or  retained  one  perfect  pleopod  on  the  right  side  of  the  abdomen. 
But  this  crab  was  otherwise  so  abnormal  that  there  is  reason  to 
doubt  whether  the  variation  was  connected  with  the  special  environ¬ 
ment.  Outside  of  this  case,  there  is  no  evidence  that  the  anatomy 
can  be  modified  by  a  longer  or  shorter  residence  in  shells  of  peculiar 
shape.  Typically  the  retained  pleopod  rudiments  are  lost  in  the 
moult  that  closes  the  sixth  stage. 

There  seems  to  be  no  reason  to  infer  that  hermit  crabs  learn  the 
shape  or  size  of  a  shell,  except  by  trial  and  use.  But  on  the  other 
hand  there  is  evidence  for  the  assertion  that  they  show  a  preference 
for  dextral  shells  over  those  of  other  forms,  based  on  the  fact  that  if 
a  dextral  shell  is  dropped  into  an  aquarium  it  will,  in  the  long  run, 
be  found  and  used,  even  when  the  bottom  is  encumbered  with  shells 
of  other  kinds. 

It  is  not  possible  at  present  to  determine  whether  the  asymmetry 
of  the  Pagurids  is  primarily  attributable  to  life  in  spiral  shells. 
The  relationships  of  the  genera  are  too  imperfectly  understood. 
Nevertheless,  the  asymmetry  in  its  structural  details  is  very  closely 
adapted  to' the  conditions  imposed  by  this  mode  of  life,  which  raises 
a  strong  presumption  in  favor  of  the  view  that  the  asymmetry  was, 
from  the  first,  a  result  of  life  in  dextrally  spiral  shells.  If  the  dis¬ 
placement  in  ontogeny,  of  the  right  liver  to  the  left  of  the  intestine 
points  to  a  similar  displacement  in  phylogeny  the  latter  might 
well  be  the  outcome  of  a  compression  of  the  right  side  of  the  body 
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at  the  time  when  the  livers  were  passing  from  the  thoracic  to  the 
abdominal  position  such  as  a  shell  would  cause.  There  is  reason 
also  to  believe  that  this  shift  took  place  early  in  the  history  of  the 
Pagurid  group.  Finally,  the  chances  that  the  ancestral  hermit  crabs 
would  use  dextral  shells  rather  than  other  objects  at  the  time  when 
they  began  to  seek  movable  residences,  are  rendered  very  great  by 
the  age  of  the  Gastropod  Mollusca  as  a  group,  while  the  Pagurids 
are  of  comparatively  recent  origin. 
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PLATE  4. 

All  the  figures  are  reduced  about  two  thirds  in  reproduction. 

Fig.  1.  First  zoea,  ventral.  X  52.  mxps,  third  maxilliped. 

Fig.  2.  Second  zoea,  lateral.  X  40.  mnd,  mandible ;  ul,  upper  lip. 

Fig.  3.  Third  zoea,  lateral.  X  34.  ych,  yellow,  rcli,  red  cliromatophores. 

Fig.  4.  Fourth  zoea,  dorsal,  swimming  position.  X  25.  lit,  heart ;  ch  int , 

chitinous  gut. 

Fig.  5.  Glaucotlioe  or  fifth  stage,  dorsal.  X  25. 

Fig.  0.  Sixth  stage,  dorsal.  X  25.  st,  stomach  ;  ic,  caecum  ;  int,  intestine; 

ru,  rudimentary  pleopod  on  segment  two  ;  eg,  right  liver. 
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PLATE  5. 

Development  of  the  appendages,  showing  the  structure  in  the  first  (1),  sec¬ 
ond  (2),  third  (3),  and  fourth  (4)  zoeae,  the  glaucothoe  (5),  and  the  adult  (a). 
For  purposes  of  comparison,  the  appendages  in  each  series  are  drawn  to  a 
common  size. 


Abbreviations  Common  to  all  Figures. 


en  —  endopod. 

ex  —  exopod. 

le  —  lacinia  externa. 


li  — lacinia  interna. 
sc  —  scaphognathite. 
prot  —  protopod. 


Fig.  7. 
Fig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  12. 
Fig.  13. 


First  antenna,  dorsal. 
Second  antenna,  dorsal. 
Mandible,  ventral. 

First  maxilla,  ventral. 
Second  maxilla,  ventral. 
First  maxilliped,  ventral. 
Second  maxilliped,  ventral. 
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of  Hermit  Crab. 


Platens. 


M.  T.  Thompson  del. 

Proc.  Boston  Soc.  Nat.  Hist.  Vol.  31. 
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PLATE  C. 

Development  of  the  appendages  (continued). 


Abbreviations  as  before  ;  subscript  numbers  mark  the  stages  and  Roman 
numerals  indicate  the  thoracic  limbs  and  the  abdominal  segments. 


Eig.  14. 
Fig.  15. 
Fig.  16. 
Fig.  17. 
Fig.  18. 
Fig.  19. 
Fig.  20. 
Fig.  20a 
Fig.  21. 
Fig.  22. 
Fig.  23. 
Fig.  24. 
Fie:.  25. 


Third  maxilliped,  ventral. 

Thoracic  limbs,  first  zoea,  lateral. 

Thoracic  limbs,  second  zoea,  lateral. 

Thoracic  limbs,  third  zoea,  lateral. 

Thoracic  limbs,  fourth  zoea,  lateral. 

Fourth  limb,  glaucothoe,  dorsal. 

Fifth  limb,  same,  dorsal. 

Tip  of  same,  adult. 

Abdomen  of  fourth  zoea,  showing  pleopods,  ventral. 

Pair  of  pleopods  of  fourth  zoea  more  enlarged,  lateral. 

Pleopods  of  glaucothoe,  drawn  in  their  respective  proportions. 
Pleopods  of  adult  female,  drawn  in  their  respective  proportions. 
Same  of  adult  male. 
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As  before  Roman  numerals  indicate ‘thoracic  limbs  and  abdominal  segments 
and  subscripts  mark  the  stages. 


Fig.  20. 


Fig.  27. 


Fig.  28. 
Fig.  29. 

Fig.  30. 


Fig. 


31. 


Fig.  32. 


Fig.  33. 


Curves  showing  amount  of  variability  and  range  of  variations  m 
sixth-stage  larvae.  The  ordinates  indicate  the  conditions  of  rearing; 
the  abcissae  the  percentages.  Continuous  line  =  amount  of  varia¬ 
bility  ;  broken  line  =  range  .of  variations.  Conditions  are:  nor, 
normal ;  net,  naked  ;  sin ,  sinistral  ;  ind,  indifferent.  See  page  189. 
Part  of  abdomen,  first  zoea;  living  material,  showing  ganglia  and 
nerves. 

Development  of  ophthalmic  scale.  a,  first  antenna ;  e,  eye. 

Ventral  surface  of  infra-oesophageal  ganglion,  adult,  ar,  ascending 
arterioles;  comm ,  thoracic  commissures;  oes,  oesophageal  commis¬ 
sures  ;  st  a,  sternal  artery. 

Eupagurus  pollicaris ;  abdominal  ganglia  to  show  arrangement  of 
these  parts  in  the  genus  Eupagurus.  gn ,  ganglionic  nerve  from  fifth 
ganglion;  comm  n ,  commissural  nerve  from  fourth  commissure; 
cp ,  columella  prominence  ;  nv ,  nerve  to  fifth  thoracic  limb.. 
Development  of  telson  and  uropods ;  3115  312,  and  314  show  the 
ventral,  the  others  the  dorsal  surface.  Drawn  to  common  size,  nr, 
anlagen  of  uropods. 

Curves  showing  duration  of  the  glaucothoe  stage,  normal  and  delayed. 
Ordinates  represent  days,  abcissae  percentages.  Continuous  line  = 
A,  normal ;  broken  line  =  Bl,  delay  of  three  days ;  dotted  line  =  B2, 
delay  of  four  days. 

Same,  naked  and  sinistral.  Continuous  line  —  C,  crabs  kept  with¬ 
out  shells;  broken  line=  E,  sinistral  shells  ;  dotted  liner=  A,  plotted 
with  the  day  and  half  day  percentages  added  together. 
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PLATE  8. 

Development  of  the  livers. 

All  the  figures  are  schematic,  but  each  represents  the  condition  in  a  single 
individual,  depicted  either  from  a  “plotting  ”  on  profile  paper,  or  from  a  wax 
reconstruction.  Allowance  must  be  made  for  shrinkage  and  shiftings  in  the 
loosely  attached  organs,  especially  in  figure  84-37,  and  44.  Figure  34-37  are 
drawn  in  relative  proportions  ;  figure  38-42  with  a  common  length  of  thorax. 
The  slender  liver  caeca  are  crowded  together  in  the  living  animal,  but  sepa¬ 
rated  here  for  clearness. 


Abbreviations  Common  to  all  Figures. 


an  —  anus. 

ant  l  —  anterior  lobe. 

dor  l  —  dorsal  lobe. 

eg  —  liver. 

g  —  gonad. 

gg  —  nephrosac. 

ic  —  intestinal  caecum. 

int  —  intestine. 


lat  l  — lateral  lobe. 

Ic  —  lateral  caecum. 
oes —  oesophagus. 
post  l  —  posterior  lobe. 
sd  —  sexual  duct. 
st  —  stomach. 
st  a  —  sternal  artery. 


Fig.  34.  Thorax  of  first  zoea,  reconstructed  ;  right,  lateral.  X  120. 

Fig.  35.  Thorax  of  second  zoea  ;  right,  lateral.  X  200. 

Fig.  36.  Thorax  of  third  zoea,  reconstructed  ;  right,  lateral.  X  200. 

Fig.  37.  Thorax  of  fourth  zoea  ;  right  lateral.  X  200. 

Fig.  88.  Thorax  of  glaucothoe,  example  1,  page  165,  reconstructed.  X  120. 
Fig.  39.  Thoiaxof  glaucothoe,  example  2,  page  165,  reconstructed.  X  160  (?). 
Fig.  40.  Thorax  of  glaucothoe,  example  5,  page  166,  reconstructed.  X  271  (?). 
Fig.  41.  Thorax  of  glaucothoe,  example  6,  page  166,  reconstructed.  X  129  (?). 
Fig.  42.  Sixth  stage,  reconstructed  ;  right  lateral.  X  280  (?). 

Fig.  43.  Abdomen  of  mature  sixth  stage,  showing  earliest  growth  of  liver 
caeca  ;  reconstructed. 

Fig.  44.  Abdomen  of  adolescent  crab,  twenty  to  thirty  days  past  the  glau¬ 
cothoe;  reconstructed. 

Fig.  45.  Abdomen  of  Wareliam  adult,  see  page  166.  Dorsal ;  from  photograph 
of  reconstruction. 

Fig.  46.  Same ;  lateral,  with  intestine  partly  cut  away. 
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PLATE  9. 


Abbreviations  Common  to  all  Figures. 


a  —  anterior  aorta. 
aa  —  antemiary  arteries. 
ant  l  —  anterior  lobe  of  liver. 
car  —  carapace. 
ch  int  —  chitinous  gut. 
cpv  —  cardio-pyloric  valve. 
dlv  —  dorso-lateral  pyloro-intestinal 
valve. 

dor  l  —  dorsal  lobe  of  liver. 
dt  —  dorsal  tooth. 

dv  —  dorsal  pyloro-intestinal  valve. 
gg  —  green  gland. 
lit  —  heart. 


int  — acliitinous  gut. 
lat  t  —  lateral  tooth. 

Ic  —  lateral  caecum. 

Ipp  —  lower  pyloric  pouch. 

Iv  —  lateral  pyloro-intestinal  valve 
Ivr  —  lateral-valve  ridge. 
mpv  —  median  pyloric  valve. 
mus  —  muscles  passing  to  limbs. 
oes  —  oesophagus. 

oes  comm  —  oesophageal  commissures. 
op  —  oesophageal  plate. 
post  i  —  posterior  lobe  of  liver. 
upp  —  upper  pyloric  pouch. 


Fig.  47. 

Fig.  48. 

Fig.  49. 
Fig.  50. 

Fig.  51. 
Fig.  52. 

Fig.  53. 

Fig.  54. 


Fig.  55. 

Fig.  5G. 
Fig.  57. 


58. 


Fig.  47-50.  Transverse  sections,  first  zoea. 

At  beginning  of  mandibles.  X  85.  gang,  posterior  cells  of  supra- 
oesophageal  ganglion  ;  st,  stomach. 

Thirty  micra  farther  back,  showing  approximation  of  lateral  caeca. 
X  130.  Ipp,  site  for  lower  pyloric  pouch  ;  It,  lateral  tooth. 

Ten  micra  beyond  last.  X  85. 

Thirty  micra  farther  back,  showing  entrance  of  livers  into  pylorus, 
tips  of  pyloro-intestinal  valves  and  beginnings  of  floor  of  intestine, 
x.  m  X  85. 

Transverse  section,  glaucothoe,  showing  vertical  limb  of  green  gland. 
X  85.  glob ,  globulus  ;  ul,  upper  lip. 

Transverse  section,  sixth  stage,  through  the  pylorus.  X  115.  gang , 
ventral  thoracic  ganglia  ;  gg,  canal  from  green  gland  to  nephrosac  ; 
upp ,  site  of  future  upper  pyloric  pouch. 

Wareham  adult,  transverse  section  of  abdomen,  showing  three  liver 
tubules,  the  ventral  wall  of  the  nephrosac  (gg),  sexual  duct  (sd),  chit¬ 
inous  gut,  caecum  (ic),  and  upper  part  of  flexor  muscles  (flex).  X  180. 
Intestine  of  glaucothoe,  longitudinal  section  through  methoria;  show¬ 
ing  chitinous  gut,  acliitinous  gut,  and  mesodermal  sheath  of  gut,  ms. 
X  525. 

Fig.  55-57.  Development  of  stomach,  somewhat  diagrammatic, 
from  plottings  on  profile  paper. 

Stomach  of  fourth  zoea,  (cardiac  part  too  short).  X  184.  Ic, 
entrance  of  lateral  caecum  into  pylorus;  eg,  entrance  of  liver  into 
pylorus. 

Stomach  of  glaucothoe,  (cardiac  part  too  short).  X  138. 

Stomach  of  adult,  x  43.  lop,  lower  oesophageal  plate  ;  nop,  upper 
oesophageal  pfate. 

Transverse  section,  glaucothoe,  to  show  union  of  the  pyloro-intes¬ 
tinal  valves  in  the  intestine  and  the  partial  occlusion  of  the  lumen 
of  the  liver.  X  180. 
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PLATE  10. 

Roman  numerals  indicate  thoracic  limbs  and  abdominal  segments. 

Abbreviations  Common  to  all  Figures. 


car —  sinus  of  carapace. 
desc  m  — descending  muscle. 
en  m  —  enveloping  muscles. 
ext  —  extensor  muscles. 

Hex  —  flexor  muscles. 

g  —  gonad. 

gang  —  ganglia. 

hit  —  achitinous  gut. 

lat  m  —  lateralis  muscles. 

ten  m  —  loop-enveloping  muscles. 

I  m  —  loop  muscles. 


I  seg  a  —  left  segmental  artery. 
nc  —  nerve  cord. 
pi  m —  pleopodal  muscles. 
post  l  —  posterior  lobe  of  liver. 
r  seg  a  —  right  segmental  artery. 
st  a  —  sternal  artery. 
vent  —  ventralis  muscles. 
x —  descending  portion  of  loop  muscles. 
x 2  —  descending  portion  of  enveloping 
muscles. 


Fig.  59a-f.  Muscles  of  abdomen,  glaucothoe,  slantingly  sagittal ;  the  1st,  2d, 
3d,  4th,  7th,  and  10th,  of  a  series  of  sections  each  ten  micra  thick. 
The  transversalis  muscles  are  blackened. 

Fig.  60.  Diagram  of  the  flexor  muscles  of  glaucothoe  ;  lateralis  and  ventralis 
omitted  except  where  they  come  in  contact  with  the  other  muscles. 
Viewed  from  within. 

Fig.  61.  Flexors  of  Cambarus;  series  of  four  sections  for  comparison  with 
sections  in  figure  59  ;  descending,  ventralis,  and  lateralis  omitted  for 
clearness. 

Fig.  62.  Sexual  cells,  glaucothoe,  reversed  by  compound  microscope,  sa,  pos¬ 
terior  aorta.  X  370. 

Fig.  63.  Sexual  cells,  sixth  stage.  See  plate  8,  figure  42.  ms,  nuclei  of 
mesodermal  sheath.  X  370. 


Fig.  64a-d.  Development  of  artery  b as  shown  in  one  individual. 
Example  2,  page  165.  sa,  superior  abdominal  or  artery  b. 

Fig.  64a.  Dorsal  aspect,  plotted  from  sections.  X  220. 

Fig.  64b-d.  The  three  successive  sections  indicated  in  fig.  64a.  X  60. 

Fig.  64b.  Showing  the  outer  end  of  the  left  segmental  artery  cut  longitudi¬ 
nally,  and  the  right  artery  in  cross  section. 

Fig.  64c.  Showing  the  tips  of  the  segmental  arteries  passing  into  the  pleo¬ 
podal  muscles  on  each  side. 

Fig.  64d.  Showing  the  tips  of  the  segmental  arteries  in  the  muscles  and 
artery  b'  running  beneath  the  extensors  before  it  dips  toward  the 
flexors. 


Thompson —Metamorphoses  of  Hermit  Crab. 


Plate  10. 
Len  m 


Price  list  of  recent  memoirs.  4to. 


Vol.  V,  No.  9.  The  skeletal  system  of  Necturus  maculatus  Rafinesque.  By 
H.  H.  Wilder,  Ph.I).  53  pp.,  6  plates.  $1.00. 

No.  8.  Observations  on  living  Brachiopoda.  By  Edward  S.  Morse.  73  pp., 
23  pis.  $2.00. 

No.  7.  Description  of  the  human  spines  showing  numerical  variation,  in  the 
Warren  Museum  of  the  Harvard  Medical  School.  By  Thomas  Dwight. 
76  pp.  $1.50. 

No.  6.  The  anatomy  and  development  of  Cassiopea  xamachana.  By  Robert 
Payne  Bigelow.  46  pp. ,  8  plates.  $1.40. 

No.  5.  The  development,  structure,  and  affinities  of  the  genus  Equisetum.  By 
fed  ward  C.  Jeffrey.  36  pp.,  5  plates.  $1.00. 

No.  4.  Localized  stages  in  development  in  plants  and  animals.  By  Robert  T. 

'  Jackson.  65  pp.,  10  plates.  $2.00. 

No.  3.  Synapta  vivipara :  A  contribution  to  the  morphology  of  Echinoderms. 
By  Hubert  Lyman  Clark.  35  pp.,  5  plates.  $2.00. 

No.  2.  Notes  on  the  dissection  and  brain  of  the  Chimpanzee  “Gumbo.”  By 
Thomas  Dwight.  21  pp.,  4  plates.  $1.00. 

No.  1.  On  the  reserve  cellulose  of  the  seeds  of  Liliaceae  and  of  some  related 
orders.  By  Grace  E.  Cooley.  29  pp.,  6  plates.  $1.00. 

Vol.  IV,  No.  14.  A  bibliography  of  Vertebrate  embryology.  By  Charles 
Sedgwick  Minot.  128  pp.  $2.50. 

No.  13.  Fusion  of  hands.  By  Thomas  Dwight.  14  pp.,  2  plates.  75  cts.’ 

No.  12.  The  insects  of  the  Triassic  beds  at  Eairplay,  Colorado.  By  Samuel  H. 
Scudder.  16  pp.,  2  plates. 

No.  11.  Illustrations  of  the  Carboniferous  Arachnida  of  North  America,  of  the 
orders  Anthracomarti  and  Pedipalpi.  By  Samuel  H.  Scudder.  14  pp.,  2 
plates. 

No.  10.  New  Carboniferous  Myriapoda  from  Illinois.  By  Samuel  II.  Scudder. 
26  pp.,  6  plates.  ^  ' 

No.  9.  New  types  of  cockroaches  from  the  Carboniferous  deposits  of  the  United 
States.  By  Samuel  II.  Scudder.  16  pp.,  2  plates.  Nos.  9-12,  $3.25. 

No.  8.  Rhylogeny  of  the  Pelecypoda  ;  the  Aviculidae  and  their  allies.  By 
Robert  Tracy  Jackson.  124  pp.,  8  plates.  $3.00. 

No.  7.  The  flora  of  the  Kurile  Islands.  By  K.  Miyabe.  74  pp.,  1  plate.  $1.75. 

No.  6.  The  Entomophthoreae  of  the  United  States.  By  Roland  Tliaxter.  70 
pp.,  8  plates.  $3.50. 

No.  5.  The  Taconic  of  Georgia  and  the  report  on  the  geology  of  Vermont.  By 
Jules  Marcou.  28  pp.,  1  plate.  $1.00. 

No.  4.  A  Study  of  North  American  Geraniaceae.  By  William  Trelease.  34 
pp.,  4  plates.  $1.25. 

No.  3.  The  introduction  and  spread  of  Pieris  rapae  in  North  America,  1860- 
1885.  By  Samuel  H.  Scudder.  18  pp.,  1  plate.  50  cts. 

No.  2.  The  development  of  the  ostrich  fern,  Onoclea  struthiopteris.  By  Doug¬ 
las  H.  Campbell.  36  pp.,  4  plates.  $1.50. 

No.  1.  The  significance  of  bone  structure.  By  Thomas  Dwight.  17  pp.,  3 
plates.  $1.25. 


Boston  Society  of  Natural  History. 

RECENT  PUBLICATIONS. 

Proceedings.  8vo.  (For  price  list  of  Memoirs,  see  third  page  of  cover.) 

Vol.  31,  No.  2.  Proceedings  of  the  Annual  Meeting,  May  6,  1903.  37  pp. 

10  cts. 

No.  1.  A  rare  Thalassinid  and  its  larva.  By  M.  T.  Thompson.  21  pp.,  3  pis. 
25  cts. 

Vol.  30,  No.  7.  The  life  history,  the  normal  fission  and  the  reproductive 
organs  of  Planaria  maculata.  By  W.  C.  Curtis.  45  pp.,  11  plates.  50  cts. 

No.  6.  Monograph  of  the  Acrasieae.  By  E.  W.  Olive.  03  pp.,  4  plates.  25  cts. 

No.  5.  Proceedings  of  the  Annual  Meeting,  May  7,  1902.  15  pp.  6  cts. 

No.  4.  Memorial  of  Professor  Alpheus  Hyatt.  20  pp.  10  cts. 

No.  3.  The  origin  of  eskers.  By  W.  O.  Crosby.  36  pp.,  15  cts. 

No.  2.  The  Medford  Dike  area.  By  A.  W.  G.  Wilson.  21  pp.,  4  plates 
25  cts. 

No.  1.  Systematic  results  of  the  study  of  North  American  land  mammals  to  the 
close  of  the  year  1900.  By  G.  S.  Miller,  Jr.,  and  J.  A.  G.  Rehn.  352  pp. 
95  cts. 

Vol.  29,  No.  18.  The  Polychaeta  of  the  Puget  Sound  Region.  By  H.  P.  John¬ 
son.  56  pp.,  19  plates.  55  cts. 

No.  17.  Proceedings  of  the  Annual  Meeting,  May  1,  1901.  33  pp.  10  cts. 

No.  16.  Bermudan  Echinoderms.  A  report  on  observations  and  collections  made 
in  1899.  By  H.  L.  Clark.  7  pp.  5  cts. 

No.  15.  Echinoderms  from  Puget  Sound  :  Observations  made  on  the  Ecliino- 
derms  collected  by  the  parties  from  Columbia  University,  in  Puget  Sound 
in  1896  and  1897.  By  H.  L.  Clark.  15  pp.,  4  plates.  30  cts. 

No.  14.  Glacial  erosion  in  France,  Switzerland  and  Norway.  By  William  Morris 
Davis.  50  pp.,  3  plates.  50  cts. 

No.  13.  The  embryonic  history  of  imaginal  discs  in  Melophagus  ovinus  L., 
together  with  an  account  of  the  earlier  stages  in  the  development  of  the 
insect.  By  H.  S.  Pratt.  32  pp.,  7  plates.  75  cts. 

No.  12.  Proceedings  of  the  Annual  Meeting,  May  2,  1900.  18  pp.  10  cts. 

No.  11.  A  revision  of  the  systematic  names  employed  by  writers  on  the  morphol¬ 
ogy  of  the  Acmaeidae.  By  M.  A.  Willcox.  6  pp.  10  cts. 

No.  10.  On  a  hitherto  unrecognized  form  of  blood  circulation  without  capillaries 
in  the  organs  of  vertebrata.  By  Charles  Sedgwick  Minot.  31  pp.  35  cts. 

No.  9.  The  occurrence  of  fossils  in  the  Roxbury  conglomerate.  By  Henry  T. 
Burr  and  Robert  E.  Burke.  6  pp.,  1  plate.  20  cts. 

No.  8.  The  blood  vessels  of  the  heart  in  Carcharias,  Raja,  and  Amia.  By 
G.  H.  Parker  and  F.  K.  Davis.  16  pp.,  3  plates.  25  cts. 

No.  7.  List  of  marine  mollusca  of  Coldspring  Harbor,  Long  Island,  with 
descriptions  of  one  new  genus  and  two  new  species  of  Nudibranchs.  By 
Francis  Noyes  Balch.  30  pp.,  1  plate.  35. cts. 

No.  6.  The  development  of  Penilia  schmackeri  Richard.  By  Mervin  T.  Sudler. 
23  pp.,  3  plates.  30  cts. 

No.  5.  Contributions  from  the  Gray  herbarium  of  Harvard  university.  New 
series,  no.  17.  1.  Revision  of  the  genus  Gymnolomia.  2.  Supplementary 

notes  upon  Calea,  Tridax,  and  Mikania.  By  B.  L.  Robinson  and  J.  M. 
Greenman.  22  pp.  25  cts. 

No  4.  Studies  in  Diptera  Cyclorhapha.  1.  The  Pipunculidae  of  the  United 
States.  By  Garry  de  N.  Hough.  10  pp.  10  cts. 

No.  3.  Notes  on  the  reptiles  and  amphibians  of  Intervale,  N.  H.  By  Glover 
M.  Allen.  13  pp.  15  cts. 

No.  2.  Variation  and  sexual  selection  in  man.  By  Edwin  Tenney  Brewster. 
17  pp.  25  cts. 

No.  1.  Proceedings  of  the  Annual  Meeting,  May  3,  1899.  43  pp.  15  cts. 

Vol.  28,  No.  16.  Moniloporidae,  a  new  family  of  Palaeozoic  corals.  By  Ama¬ 
deus  W.  Grabau.  16  pp.,  4  plates.  25  cts. 

No.  15.  Studies  in  the  gold-bearing  slates  of  Nova  Scotia.  By  J.  Edmund 
Woodman.  33  pp.*  3  plates.  50  cts. 

No.  14.  North  American  wood  frogs.  By  R.  II.  Howe,  Junior.  6  pp.  10  cts. 

No.  13.  Some  Hydroids  from  Puget  Sound.  By  Gary  N.  Calkins.  35  pp.,6 
plates.  50  cts. 

No.  12.  The  Odonate  genus  Macrothemis  and  its  allies.  By  Philip  P.  Calvert. 
32  pp.,  2  plates.  50  cts. 

No.  11.  Proceedings  of  the  Annual  Meeting,  May  4,  1898.  26  pp.  15  cts. 

No.  10.  On  the  veins  of  the  Woltfian  bodies  in  the  pig.  By  Charles  Sedgwick 
Minot.  10  pp.,  1  plate.  25  cts. 

No.  9.  Notes  on  a  Carboniferous  boulder  train  in  eastern  Massachusetts.  By 
Myron  L.  Fuller.  14  pp.  15  cts. 


6a 


cla/ia  ^ 


Proceedings  of  the  Boston  Society  of  Natural  History. 

Vol.  31,  No.  5, 
p.  211-245,  pi.  11-15. 


OBSERVATIONS  ON  THE  CYTOLOGY  OF  ARAIOSPORA 

PULCHRA  THAXTER. 


By  Cyrus  Ambrose  King. 


BOSTON : 

BRINTED  FOR  THE  SOCIETY. 


<  ■ 


-  — 


!  -  f  -  '  * 

>t  ■ 

5^4^-'^ 

1l-  :pt«-  V-- 

i-  ■.-■■■■-'■ 


• ..  £&  ■  % 


* 

>  '  •**  '  *• 


% 

A 


. 

' 

. 


No.  5. —  OBSERVATIONS  ON  THE  CYTOLOGY  OF 
ARAIOSPORA  PULCIIRA  THAXTER. 

BY  CYRUS  AMBROSE  KING. 

Introduction. 

The  simultaneous  publication,  in  1895,  of  the  investigations  of 
Hartog  and  Trow,  in  which  such  diverse  conclusions  were  reached 
in  regard  to  the  existence  of  sexuality  and  the  manner  of  producing 
uninucleate  oospheres  in  the  Saprolegniaceae ,  and  the  interesting 
results  obtained  the  next  year  by  Wager  in  his  classic  paper  on 
Cystopus  Candidas,  have  suggested  and  stimulated  an  investigation 
of  the  cytology  of  various  Oomycetic  Phycomycetes.  The  appear¬ 
ance  in  the  meantime,  of  papers  by  Berlese  (’97),  Trow  (’99), 
Stevens  (  99),  Lagerheim  (:00),  Davis  (:00),  Wager  ('.00),  Stevens 
(:01a),  Trow  (:01) ,  Stevens  (:01b),  and  Miyake  (:01),  all  on  the 
cytology  of  this  subgroup,  indicates  a  gradually  increasing  interest 
in  this  field  of  research. 

In  the  spring  of  1898,  the  writer,  at  the  suggestion  of  Prof. 
Roland  Thaxter,  of  Harvard  university,  with  whom  he  was  then  a 
student,  began  collecting  material  for  a  cytological  study  of 
Araiospora  pulchra  Thaxter,  one  of  the  Leptomitaceae ,  which  is 
fairly  abundant  in  the  vicinity  of  Cambridge.  As  all  the  members 
of  the  order  are  aquatic  and  several  have  a  generally  similar  habi¬ 
tat,  the  writer,  in  the  progress  of  this  work,  which  was  carried  on 
with  some  degree  of  regularity  for  two  seasons,  gradually  accumu¬ 
lated  and  fixed  material  of  a  number  of  related  genera. 

Thaxter  (’96)  in  an  examination  of  living  material  of  Araiospora 
pulchra ,  saw  and  figured  stages  in  the  development  of  the  oogonia 
and  antheridia  as  well  as  the  antheridial  proto  plasm  in  the  process  of 
entering  the  oosphere.  The  primary  purpose  of  this  investigation 
was,  therefore,  to  learn  the  details  in  regard  to  the  development  of 
the  sexual  organs  and  of  fertilization. 

As  has  been  suggested,  the  work  was  begun  in  the  Cryptogamic 
laboratoiy  of  Harvard  university  where  a  portion  of  it  was  finished 
and  where  all  the  material  was?  fixed  and  prepared  for  cytological 
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study.  It  was  completed  at  the  University  of  Indiana  in  connection 
with  my  duties  as  instructor. 

It  is  a  pleasure  and  a  duty  as  well,  to  express  my  thanks  to  Pro¬ 
fessor  Thaxter  who  has  given  assistance  in  many  ways  and  whose 
interest  in  the  investigation  has  been  shown  throughout  its  progress. 
In  this  connection,  I  also  wish  to  thank  Prof.  David  M.  Mottier,  of 
the  University  of  Indiana,  who  has  made  occasional  suggestions  and 
has  enabled  me  to  arrange  my  work  at  the  University  in  such  a 
way  as  to  interfere  least  with  the  progress  of  this  research. 


History. 

The  history  of  the  genus  Araiospora  is  extremely  brief.  This  is 
probably  due  to  two  causes :  first,  it  is,  so  far  as  known,  quite  rare  ; 
second,  it  is  an  inconspicuous  fungus  and  easily  escapes  observation. 
The  first  reference  to  a  member  of  the  genus  is  made  by  Cornu  (’71) 
when  the  genus  Rhipidium  was  established  with  three  species :  R. 
interruptum ,  R.  elongatum ,  and  R.  spinosum.  A  limited  number 
of  the  zoosporangia  of  the  last  named  species,  all  of  which  are  sub- 
umbellately  borne,  are  furnished  with  spines  that  are  directed 
upward  and  downward.  Nothing  more  was  seen  or  known  of  this 
species  or  even  of  the  genus  until  the  appearance  of  Professor 
Thaxter ’s  paper.  In  this  paper  he  figures  and  describes  in  detail  a 
new  species  of  Rhipidium,  R.  americanum ,  and  another  closely 
resembling  it  but  generically  different,  for  which  he  creates  the 
genus  Araiospora.  The  latter,  Thaxter  suggests,  is  probably  gener¬ 
ically  identical  with  the  Rhipidium  spinosum  of  Cornu  mentioned 
above.  The  American  form,  however,  differs  from  Cornu’s  species 
in  certain  points  of  specific  importance  ;  for  example,  instead  of 
having  the  spines  of  the  zoosporangia  turned  upward  and  down¬ 
ward,  they  extend  out  radially  and  are  scattered  over  the  entire 
surface  of  the  zoosporangium.  Finally,  Minden  (:02)  has  described 
a  third  species  of  Araiospora.  So  far  as  known,  therefore,  the  genus 
Araiospora  probably  consists  of  but  three  species,  A.  spinosa 
(Cornu)  Thaxter,  A.  pulchra  Thaxter,  and  the  new  Araiospora  of 
Minden,  and  up  to,  the  present  time,  has  been  observed  by  no  other 
writers. 
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It  is  interesting  to  note  that  Araiospora  and  its  relatives  when 
first  described  were  placed  by  Cornu  in  the  Saprolegniaceae  where 
Pringsheim  (’58)  had  previously  placed  the  genus  Pythium.  De 
Bary,  however,  who  afterward  carefully  studied  the  Peronospora¬ 
ceae ,  saw  the  close  relationship  between  this  family  and  the  genus 
Pythium  and  included  the  latter  as  a  separate  genus  of  the  former. 
He  also  suggested,  although  he  had  seen  only  a  note  by  Cornu  in 
regard  to  Rbipidium,  that  it,  too,  might  possibly  belong  near 
Pythium. 

Fischer  ('92)  accepted  de  Bary’s  arrangement  of  Pythium  but  left 
Rhipidium  as  a  genus  of  the  Saprolegniaceae . 

Schroeter  (’93)  included  the  three  following  families  in  the  Sapro- 
legniineae :  the  Saprolegniaceae ,  the  Leptomitaceae ,  to  which  both 
Araiospora  and  Rhipidium  belong,  and  the  Pythiaceae.  In  this 
classification  the  family  Leptomitaceae  is  distinguished  from  the 
other  two  by  the  fact  that  its  members  have  well  marked  constric¬ 
tions  in  their  hypliae. 

In  the  paper  which  has  been  referred  to  previously,  Thaxter 
suggests  that  in  case  Scliroeter’s  classification  is  not  accepted,  the 
Leptomitaceae  should  be  united  with  the  Pythiaceae  if  the  latter  is 
viewed  as  distinct  from  the  Peronosporaceae ,  but  if  not,  then  both 
should  be  included  in  the  Peronosporaceae . 


Description. 

Both  genus  and  species  have  been  diagnostically  described  and 
figured  by  Thaxter  (’96).  A  single  individual  consists  of  a  large, 
elongated,  subcylindrical,  basal  cell  1  to  1.5  mm.  long  by  ‘25  to  50 
[x  in  diameter,  that  has  at  its  apex  or  near  the  upper  end,  which 
is  more  or  less  conical,  a  variable  number  of  hyplial  filaments  that 
extend  upward  and  outward  from  their  places  of  attachment ;  and 
at  the  lower  end,  rhizoid-like  processes  which  serve  to  attach  the 
plant  to  the  substratum  ( 7 .  c.,  pi.  ‘23,  fig.  22).  At  the  distal  end  of 
these  hyplial  filaments,  large  subcylindrical  or  broadly  clavate  zoo¬ 
sporangia  are  produced  in  whorls  or  umbels.  Each  of  these  zoospo¬ 
rangia,  when  mature,  opens  at  its  outer  end  by  a  papilla  of 
dehiscence  that  forms  a  perforation  through  which  the  zoospores, 
surrounded  by  a  delicate  membrane,  escape  from  the  zoosporangium. 
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Very  frequently,  this  connecting  membrane  is  ruptured  during  the 
emergence  of  the  zoospore  mass,  in  which  case  some  of  the  zoospores 
are  liberated  in  the  water  while  the  remainder  are  left  free  inside  the 
zoosporangium.  The  zoospores  are  finely  granular,  biciliate,  and 
monoplanetie.  The  oogonia  are  borne  in  umbels  on  short  con¬ 
stricted  stalks  in  which  cross  walls  are  formed.  The  oospores  are 
produced  singly  in  the  oogonia,  are  thick  walled  when  mature,  and 
during  their  development  are  surrounded  by  a  cellular  envelope 
derived  from  the  periplasm.  The  antheridia  arise  laterally  from 
special  segments  above  the  oogonia  and,  bending  down,  apply  them¬ 
selves  to  the  oogonia  on  the  lower  side  near  the  basal  stalk  of  the 
latter,  which  they  perforate  without  indenting. 

The  plants  were  found  by  Thaxter  both  at  Cambridge,  Massa¬ 
chusetts,  and  at  Kittery  Point,  Maine,  where  they  were  collected  in 
greater  or  less  abundance  during  the  late  spring  and  summer. 


Biology. 

While  collecting  the  material  of  Araiospora,  some  observations 
were  made  in  regard  to  the  habit  and  general  conditions  under 
which  it  lives,  that  may  be  noted  here.  It  has  both  the  habit  and 
the  situation  of  substratum  of  the  /$ 'aprolegniaceae  with  which  it 
is,  in  consequence,  frequently  found  growing.  The  individuals  of 
Araiospora,  however,  are  usually  shorter  than  the  Saprolegniaceous 
forms  and  growing  as  they  do  in  little,  dense,  cottony  tufts,  may 
readily  be  distinguished  from  the  latter.  These  tufts  are  invariably 
about  lenticels  or  other  roughened  places  on  the  bark  that  form  a 
suitable  point  of  entry  for  the  rhizoids.  The  plants  have  been  found 
at  the  surface  and  as  much  as  two  feet  below,  on  all  sides  of  branches 
varying  in  size  from  twigs  to  limbs  six  inches  in  diameter.  It  is 
clear,  therefore,  that  the  zoospores,  the  agents  for  distributing  the 
plant,  are  but  feebly  if  at  all  heliotactic ;  otherwise,  there  would  be 
a  marked  difference  in  the  number  of  plants  growing  on  the  upper 
and  under  surfaces  of  these  larger  limbs.  There  is,  furthermore, 
ample  evidence  that  the  oogonia  and  the  antheridia  are  produced  at 
a  definite  season  of  the  year.  During  the  month  of  April  and  a 
portion  of  May,  and  more  particularly  in  the  latter  half  of  April,  the 
plants  produce  the  sexual  organs  in  great  abundance.  At  this  time 
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very  few  zoosporangia  are  found,  although  on  many  plants  a  few 
empty  ones  may  be  seen  projecting  beyond  the  region  where  the 
oogonia  are  collected  in  great  numbers.  Within  these  oogonia  are 
developed  in  a  few  weeks  or  even  less  time,  thick  walled  oospores 
that  later  fall  to  the  bottom  of  the  pond  as  resting  spores.  Although 
the  further  history  of  these  resting  spores  is  wholly  unknown,  there 
is  some  reason  for  believing  that  they  rest  until  early  the  next  sea¬ 
son  before  germinating. 

In  the  first  part  of  May,  the  formation  of  oogonia  and  antlieridia 
is  practically  suspended  ;  throughout  the  remainder  of  the  season 
the  plants  are  propagated  chiefly  by  means  of  zoosporangia  and 
zoospores.  One  would  naturally  infer  from  this  asexual  propagation, 
which  is  carried  on  to  a  limited  extent  until  fall,  that  thick  walled 
oospores  would  be  produced  in  great  abundance  at  this  time  in 
order  to  tide  these  plants  over  the  winter. 

As  a  matter  of  fact  no  such  spore  formation  took  place  in  the 
ponds  visited  during  the  season  of  these  collections.  This  fact  is 
given  particular  emphasis  because  the  writer  was  extremely  anxious 
to  secure  material  showing  young  stages  in  the  development  of  the 
oogonia  and  was  forced  to  wait  until  the  next  April  in  order  to  get 
it.  A  possible  explanation  of  this  early  oospore  formation,  sug¬ 
gested  by  its  aquatic  habit,  is  that  the  plant  has  fully  as  much  diffi¬ 
culty  in  persisting  through  the  summer  as  in  withstanding  the 
unfavorable  conditions  of  winter.  For  in  summer  many  ponds 
entirely  disappear  and  almost  all  are  greatly  reduced  in  area,  thus 
exposing  the  plants  about  their  edges  to  long  periods  of  drought. 
Such  an  explanation  assumes,  of  course,  that  the  oospores  of  one 
year  do  not  germinate  until  the  following  spring.  Few  positive 
details  are  known  in  regard  to  the  germination  of  the  oospores. 
It  is  known,  however,  that  they  fall  from  the  oogonium  at  the  end  of 
a  couple  of  weeks  —  too  soon  to  get  their  later  cytological  history. 
Even  in  this  short  time,  nevertheless,  each  oospore  has  built  a  thick 
wall,  the  food  material  has  collected  into  one  or  more  conspicuous 
globules  and  almost  all  traces  of  the  fine  meshed,  central  ooplasm 
have  disappeared. 
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Methods. 


The  most  satisfactory  fixing  solution  used  in  this  work  was  Flem¬ 
ming’s  stronger  formula  although  Merkel’s  and  the  chromacetic  solu¬ 
tion  of  Stevens  were  also  employed  to  some  extent.  Neither  of  the 
latter,  however,  gave  such  precise  cytoplasmic  details  as  did  the 
former.  The  material  was  washed  and  run  through  the  alcohols  in 
the  usual  manner  and  gradually  brought  into  45  ^  paraffin  through 
chloroform  and  finally  sectioned  in  52 of0  paraffin.  Practically  all 
staining  was  done  on  the  slide  in  Flemming’s  triple  stain,  although 
iron  alum  was  also  employed  to  some  extent. 

For  some  time  the  form  of  the  plants  and  particularly  the  rela¬ 
tion  of  the  several  organs  to  each  other  and  to  the  basal  cell  offered 
a  mechanical  difficulty.  It  will  be  recalled  that  the  various  fertile 
hyphae  radiate  from  the  top  of  a  basal  cell  so  as  to  give  a  more  or 
less  hemispherical  form  to  the  top  of  the  plant.  Since  the  anthe- 
ridia  are  invariably  on  the  lower  side  of  the  oogonia,  the  side  nearer 
the  basal  cell,  it  is  evident  that  only  by  chance  could  one  hope  to 
get  median  sections  of  both  oogonia  and  antheridia  at  the  same  time. 
To  overcome  this  difficulty  the  plants  were  run  back  through  the 
alcohols  into  water  where  they  were  spread  out  on  the  slide  so  that 
as  many  as  possible  of  the  pairs  of  oogonia  and  antheridia  were  in 
the  plane  of  the  slide.  After  they  were  thus  arranged,  a  cover  glass 
was  carefully  put  on  in  order  to  keep  the  plants  flat  and  preserve 
the  position  of  the  sexual  organs,  and  the  whole  was  then  brought, 
without  being  moved,  gradually,  into  absolute  alcohol  where  it  was 
hardened.  In  this  form  they  were  run  through  chloroform  and  par¬ 
affin,  embedded  either  singly  or  in  piles  in  this  flattened  condition 
and  were  sectioned  3  to  5  micra  thick  in  the  plane  of  the  flat¬ 
tened  surfaces ;  in  this  way  the  sections  were  cut  so  as  to  give  a 
series  of  views  of  the  plants  as  they  were  originally  arranged  on  the 
slide.  The  material  fixed  in  Flemming’s  solution  was  darkened,  par¬ 
ticularly  the  older  oospores  whose  sections  contained  one  or  more 
large,  black,  oil-like  bodies.  By  soaking  these  sections  for  twenty- 
four  hours  in  a  solution  of  hydrogen  peroxide  and  70°/o  alcohol  and 
then  for  an  equal  period  of  time  in  turpentine  at  the  temperature  of 
the  paraffin  bath,  tli'fe  blackened  bodies  were  left  a  light  yellow  and 
the  cytoplasm  was  particularly  clear  and  distinct. 
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The  Vegetative  Plant. 

Although  Araiospora  has  conspicuous  constrictions  at  one  or 
more  places  in  its  hyphae,  it  remains  unicellular  except  where  the 
reproductive  organs  are  cut  off.  At  the  constrictions,  the  walls  are 
thicker  and  show  a  slightly  different  chemical  reaction.  The  cell 
wall  consists  largely  of  cellulose  which  responds  differently  in 
different  parts  of  the  plant.  For  example,  when  treated  with 
chloriodide  of  zinc  the  large  basal  cell  turns  dark  blue,  the  rhizoids 
blue,  the  hyphal  filament  violet,  and  the  walls  of  the  zoosporangia, 
of  the  oospores,  and  of  the  constrictions,  rose  to  brick  red. 

The  cytoplasm  consists  of  a  fine  meshwork  in  which  are  numer¬ 
ous,  conspicuous  nuclei  (pi.  11,  fig.  1-2).  Figure  1  represents  an 
almost  median,  basal  cell.  The  protoplasm  is  confined  chiefly  to 
the  region  of  the  cell  wall  and  surrounds  a  large  central  vacuole 
through  which  connecting  cytoplasmic  strands  extend.  In  smaller 
filaments,  the  connecting  strands  are  more  abundant  and  thicker. 

The  nuclei  are  often  more  irregular  in  form  than  those  repre¬ 
sented  in  the  drawing  referred  to  above.  In  the  younger  parts  of 
the  plant  they  are  more  abundant  and  are  usually  elongated  in  the 
direction  of  the  long  axis  of  the  filament  (pi.  11,  fig.  1).  They 
have  a  sharp  nuclear  membrane  lined  within  by  deeply  staining 
granules  that  are  probably  chromatin,  a  small  nucleolus  which  takes 
the  saffranin  stain  strongly,  and  an  almost  transparent  nuclear 
substance.  These  vegetative  nuclei  are  apparently  poorer  in  chro¬ 
matin  material  for  their  nucleoli  invariably  show  more  distinctly 
than  do  those  in  either  the  zoosporangia  or  the  sexual  organs. 


The  Asexual  Organs  of  Reproduction. 

The  zoo  sporangium. —  The  cytoplasm  of  the  zoosporangium  of 
Araiospora  is  never  homogeneously  granular  but  consists  of  a 
distinct  meshwork  (pi.  11,  fig.  3).  In  its  early  history,  the  meshes 
are  irregular  in  size  ;  but  as  it  matures  they  become  finer  and  more 
uniform.  During  this  early  development  the  cytoplasmic  strands 
contain  granules  as  do  those  of  the  vegetative  plant.  In  younger 
as  well  as  in  small  mature  zoosporangia,  the  cytoplasmic  meshwork 
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may  occupy  the  whole  interior  of  the  zoosporangium  cell.  For 
example,  there  are  no  evidences  of  a  vacuole  in  figure  6  (plate  11), 
which  represents  a  zoosporangium  cut  in  cross  section.  On  the 
other  hand,  there  are  in  many  of  the  larger  ones,  conspicuous 
central  vacuoles  (pi.  11,  fig.  5).  As  the  zoosporangium  increases  in 
size,  the  nuclei  arrange  themselves  in  a  single  row  midway  between 
the  wall  and  the  central  vacuole  when  the  latter  is  present. 

There  is  great  variation  in  the  number  of  nuclei  in  the  different 
zoosporangia.  The  size  of  the  latter,  however,  varies  directly  with 
this  number  since  each  nucleus  is  the  center  of  a  zoospore  and  these 
vary  little  in  size.  The  zoosporangium  is  now  cut  off  from  the 
parent  hypha  by  a  cell  wall  laid  down  in  the  distal  end  of  the  con¬ 
striction.  As  the  zoosporangium  develops,  certain  portions  of  the 
cytoplasm  take  the  stain  less  deeply.  This  is  due  to  two  causes : 
first,  there  are  fewer  granules  in  this  region ;  second,  the  strands 
themselves  become  thinner  until  they  are  finally  severed.  During 
the  further  development  of  the  zoospore  this  process  continues  until 
the  strands  are  severed  and  the  zoospores  separated.  Figures  4, 
5,  and  6  (plate  11)  represent  stages  in  this  process.  It  will  be 
observed  that  this  is  not  a  progressive  cleavage  from  the  vacuolar 
membrane  out  to  the  plasma  membrane  or  in  the  opposite  direction. 
The  cleavage  takes  place  almost  simultaneously  around  the  surface 
of  each  zoospore  by  the  separation  of  the  connecting  meshes. 
Usually,  particularly  when  there  is  a  vacuole  present,  more  advanced 
stages  of  separation  can  be  seen  nearer  the  vacuolar  surface  (pi. 
11,  fig.  5).  This  would  suggest  that  in  such  cases  the  plasma  mem¬ 
brane  itself  is  the  last  cytoplasm  to  be  severed.  If  this  be  true,  the 
entire  contents  of  the  zoosporangium  should  function  as  a  cell  and 
remain  turgid  until  this  membrane  is  ruptured  at  one  point  when  it 
would,  of  course,  collapse. 

In  a  great  many  cases  zoospores  escape  from  the  zoosporangium 
as  individuals ;  in  other  instances  they  emerge  as  a  mass  and  sepa¬ 
rate  as  individuals  during  the  exit  or  later  as  the  case  may  be.  The 
writer  has  seen  no  indications  of  a  second  wall  about  the  zoospore 
mass  and  from  the  manner  in  which  the  zoospores  are  formed  it  seems 
reasonable  to  conclude  that  they  are  bound  together  by  the  original 
plasma  membrane  which  may  not  rupture  until  the  mass  is  making 
its  exit.  If  this  conclusion  be  correct,  we  may  have  here  an  addi¬ 
tional  factor  in  zoospore  expulsion.  As  long  as  the  entire  zoospore 
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mass  is  limited  by  the  original  plasma  membrane,  it  must  respond 
exactly  as  a  single  cell,  which  it  really  is.  In  the  meantime,  however, 
plasma  membranes  are  being  developed  about  the  individual  zoo¬ 
spores  which,  when  these  are  formed,  also  function  as  separate  cells. 
Their  membranes  are  in  contact  on  the  outside  with  the  water  in 
which  the  plants  live  and  on  the  inside,  with  the  denser  liquid  of  the 
central  vacuole.  In  such  a  case  it  is  possible  that  liquids  might 
enter  the  individual  zoospores  from  without,  thereby  increasing  the 
hydrostatic  pressure  and  turgidity  of  the  zoospore  mass  and  serve  as 
an  aid  in  forcing  it  out. 

The  zoospore. —  The  zoospore  is  uninucleate.  The  nucleoli  are 
distinctly  larger  than  those  of  the  vegetative  filament  and  the 
nuclei  themselves  stain  more  deeply.  There  is  a  distinct  nuclear 
membrane  enclosing  the  hyaline  nuclear  substance  in  which  the 
nucleoli  are  imbedded.  The  nucleus  stains  more  deeply  just  inside 
the  membrane.  On  the  outside  of  the  nucleus  adjacent  to  its  mem¬ 
brane  there  is  frequently  an  accumulation  of  more  deeply  stained 
granules.  The  cytoplasm  of  the  zoospore  consists  of  a  distinct 
meshwork  and  is  not  conspicuously  granular  (pi.  11,  fig.  7-8). 
Among  the  meshes  it  is  not  uncommon  to  find  one  or  more  vacu¬ 
oles,  another  indication  that  the  zoospores  may  be  expelled  in  the 
manner  indicated  above. 

In  many  zoospores  there  are  a  few  small,  deeply  staining  bodies  in 
the  meshes  of  the  cytoplasm  (pi.  11,  fig.  8).  These  bodies  occupy 
no  definite  position  in  the  zoospore;  they  may  be  near  the  nucleus  or 
out  on  the  periphery.  No  cilia  were  observed  on  the  stained  mate¬ 
rial,  although  they  are  present  when  the  zoospores  are  alive.  In  the 
discharge  of  the  zoospores  it  is  quite  common  for  a  few  to  be  left 
behind  in  the  zoosporangium.  It  should  be  mentioned  that  the 
study  of  the  zoospore  was  confined  exclusively  to  those  remaining 
in  the  zoosporangium  for  the  material  was  usually  somewhat  mixed 
with  various  JSaprolegniaceous  forms  and  one  could  not  be  certain  of 
zoospores  found  outside.  The  zoospore  germinates  at  the  expiration 
of  a  few  hours.  In  one  case  in  particular,  two  zoosporangia 
opened  simultaneously  at  11  :  *80  in  the  morning  and  in  a  few  min¬ 
utes  all  the  zoospores  had  escaped  but  six  and  eight  respectively. 
In  the  afternoon  at  3:45,  each  of  these  fourteen  zoospores  had 
developed  a  cell  wall  and  put  out  a  germ  tube.  These  varied  in 
length  from  the  diameter  of  the  zoospore  to  six  times  this  length. 
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Development  of  the  Sexual  Organs. 


Early  development  of  the  oogonium. —  Thaxter  has  described  the 
characteristic  position  of  the  oogonia.  They  arise  singly  or  in 
umbels  at  or  near  the  distal  ends  of  certain  segments  that  in  turn 
produce  at  their  upper  ends  specialized  segments  upon  which  the 
antheridia  are  borne.  The  zoosporangia,  on  the  contrary,  arise 
usually  in  umbels  at  the  upper  end  of  ordinary  segments.  In  very 
early  stages,  therefore,  there  is  little  danger  of  confusing  young 
oogonia  and  zoosporangia  even  in  microtome  sections. 

As  the  young  oogonium  makes  its  appearance,  cytoplasm  and 
nuclei  flow  from  the  parent  liypha  into  it;  and  in  this  process  the 
nuclei  are  frequently  elongated.  Figure  9  (plate  11)  represents  a 
section  through  such  an  oogonium  and  its  stalk.  At  this  time,  the 
nuclei  as  well  as  the  irregularly  coarse  and  fine  meshed,  granular  cyto¬ 
plasm  in  the  oogonium  and  the  upper  end  of  the  parent  filament  are 
similar.  It  will  also  be  observed  in  this  figure  that  the  nuclei  have 
not  at  this  time  taken  definite  positions  in  the  oogonium  but  are  scat¬ 
tered  indiscriminately  in  the  cytoplasm.  It  may  be  further  seen 
that  the  nuclei  in  both  structures  take  the  stain  so  deeply  that  few 
details  of  their  structure  can  be  made  out.  Quite  frequently  even 
the  nucleoli  of  the  material  fixed  in  Flemming’s  solution  were 
masked  by  the  presence  of  deeply  staining  materials  in  the  nucleus 
itself;  this  was  particularly  true  of  the  nuclei  of  the  sexual  organs 
which  seemed  to  take  the  stain  with  more  intensity  than  the  nuclei 
of  the  vegetative  parts.  Figures  9,  10,  11,  etc.,  (plates  11  and  12) 
show  nuclei  of  the  young  oogonium. 

As  nearly  as  can  be  determined,  this  particular  oogonium  (pi.  11, 
fig.  9)  contains  nineteen  nuclei.  Others,  however,  are  on  their  way 
in  (one  shown  in  this  section)  and  there  is  also  an  accumulation  of 
nuclei  in  the  parent  segment  near  the  point  where  the  oogonium 
arises.  The  wide  open  stalk,  the  similar  appearance  of  nuclei  and 
cytoplasm  in  oogonium  and  parent  filament,  the  small  size  of  the 
oogonium,  and  the  accumulation  of  nuclei  near  the  base  of  the  stalk 
with  some  passing  in,  are  evidence  that  more  nuclei  will  enter  the 
oogonium  before  it  is  cut  off. 

In  figure  10  (plate  11)  the  oogonium  has  just  been  delimited.  It 
is  much  larger  than  the  one  represented  in  figure  9  (plate  11)  and 
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the  cytoplasm  is  coarser  and  more  vacuolate  although  in  a  few  places 
it  is  very  fine  meshed.  Just  inside  the  wall  is  the  lining  plasma 
membrane  which  appears  here  to  be  distinctly  granular.  There  are 
about  fifty  three  nuclei  in  this  oogonium,  slightly  more  than  the 
average  which  is  about  thirtv-five.  Since  the  oogonium  is  already 
cut  off,  it  is  evident  that  anv  considerable  increase  in  this  number  in 
the  older  oogonia  must  be  due  to  nuclear  division.  Most  of  the 
nuclei  have  already  taken  a  peripheral  position.  At  this  stage,  how¬ 
ever,  there  is  no  marked  differentiation  in  the  cytoplasm  of  the 
oogonium.  In  the  Albuginaceae ,  observers  have  pointed  out  that, 
concomitant  with  and  possibly  causing  the  outward  migration  of 
the  nuclei,  there  is  developed  in  the  interior  of  the  oogonium  an 
extremely  finely  vacuolate  cytoplasm.  No  such  differentiation  has 
been  seen  to  accompany  the  nuclear  migration  in  Araiospora ;  when 
the  nuclei  have  reached  the  periphery,  the  whole  interior  of  the 
oogonium  still  consists  of  an  irregular  coarse  and  fine  cytoplasmic 
mesliwork  (pi.  12,  fig.  11).  The  migrating  nuclei  go  out  and  arrange 
themselves  in  a  definite  manner;  instead  of  aggregating  in  groups 
at  the  periphery  they  pass  out  from  their  primary  position  along 
radii  of  the  oogonium,  and  in  this  way  come  to  be  regularly  distrib¬ 
uted  in  the  region  of  the  oogonial  wall. 

As  the  oogonium  continues  to  develop,  the  large  irregular  vacu¬ 
oles  of  the  interior  of  the  young  oogonium  (pi.  11,  fig.  10)  begin  to 
disappear  and  in  this  region  the  cytoplasm  becomes  much  more  reg¬ 
ularly  vacuolate.  In  the  meantime,  in  the  region  of  the  oogonial 
wall,  certain  vacuoles  at  definite  distances  from  each  other  begin  to 
increase  in  size.  This  growth  of  the  peripheral  vacuoles  continues 
at  the  expense  of  those  in  the  interior  until  the  cytoplasm  of  the 
latter  is  quite  uniformly  coarse  meshed.  In  the  meantime,  or  even 
before  these  changes,  the  nuclei  have  taken  positions  in  the  cyto¬ 
plasm  separating  these  vacuoles.  Figure  11  (plate  12)  represents 
an  oogonium  at  about  this  stage  of  development.  It  will  be  observed 
that  the  conspicuous  vacuoles  of  figure  10  (plate  11)  have  practically 
disappeared  from  the  interior  and  new  ones  have  formed  in  the 
periphery. 

Figure  11  (plate  12)  represents  the  beginning  of  another  impor¬ 
tant  cytoplasmic  change  to  which  attention  should  be  called.  In 
two  or  three  places  in  the  cytoplasm  of  the  section  here  represented, 
there  are  distinct,  fine  meshed  patches.  In  other  sections  of  this 
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oogonium  these  patches  are  sharper  and  better  differentiated,  but 
traces  of  them  can  be  seen  here.  The  history  of  these  fine  meshed 
patches  and  the  sharply  differentiated  mass  which  they  finally  pro¬ 
duce,  was  followed  in  some  detail  and  it  seems  better  to  discuss  it 
in  another  portion  of  the  paper.  It  will  be  sufficient  at  this  time  to 
call  attention  to  its  manner  of  origin  as  cytoplasmic  patches  at  the 
time  the  peripheral  vacuoles  are  enlarging.  In  the  meantime,  the 
intervacuolar  strands,  which  are  in  reality  not  strands  but  sheets  of 

t/ 

cytoplasm,  have  become  fine  meshed  and  appear  dense  and  granular. 
In  form  the  vacuoles  are  now  roughly  hemispherical  with  their  plain 
surfaces  turned  outward  and  parallel  with  the  oogonial  wall  (pi.  12, 
figs.  11  and  14). 

As  these  changes  take  place  in  the  intervacuolar  strands,  there 
appear  the  first  evidences  of  a  differentiation  in  the  region  wThere 
periplasm  and  ooplasm  are  later  to  be  separated.  This  simultane¬ 
ous  differentiation  of  the  intervacuolar  strands  and  the  region  sep¬ 
arating  periplasm  and  ooplasm  continues  until  the  oogonium  reaches 
the  condition  represented  in  figure  16  (plate  12)  where  the  differ¬ 
entiation  is  complete  and  the  oospore  practically  mature. 

In  the  meantime,  the  nuclei  have,  in  all  probability,  divided  once 
mitotically.  The  writer  did  not  succeed  in  finding  stages  that 
showed  this  point  with  absolute  certainty  but  such  a  condition  as  is 
represented  in  figure  15  (plate  12)  undoubtedly  suggests  a  simulta¬ 
neous  mitosis  of  all  oogonial  nuclei.  It  should  be  distinctly  stated, 
however,  that  this  stage  in  Araiospora  is  by  no  means  as  conspicu¬ 
ous  nor  as  commonly  met  with  as  is  the  corresponding  one  certain,  in 
species  of  Albugo.  Sufficient  evidence  was  found,  however,  to  indi¬ 
cate  that  in  all  probability  such  a  division  occurs  here.  It  will  be 
seen  that  the  long  axes  of  the  nuclei  in  figure  15  (plate  12)  are 
turned  in  various  directions.  Those  on  the  left  show  a  few  deeply 
staining  bodies  that  are  probably  chromosomes.  On  the  extreme 
lower  side  of  this  figure  is  a  dividing  nucleus  so  situated  that  one 
daughter  nucleus  could  be  cut  off  with  the  oosphere  and  the  other 
with  the  periplasm. 

The  central  ooplasm  and  oosphere. —  Soon  after  the  oogonium  is 
cut  off,  and  even  before  in  some  cases,  the  cytoplasm  of  the  oogo¬ 
nium  forms  a  more  or  less  regular,  coarse  mesh  work.  At  this  time 
the  thirty-five  of  more  nuclei  of  the  mature  oogonium  have  moved 
out  near  the  periphery.  As  they  take  this  position,  incipient  stages 
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in  the  formation  of  the  peripheral  vacuoles  may  be  seen  between 
them  (pi.  12,  fig.  11).  At  this  time,  or  slightly  later,  important 
changes  take  place  in  the  interior  of  the  oogonium.  Instead  of  the 
uniformly  coarsely  vacuolate  condition  heretofore  observed,  there  are 
now  early  stages  in  the  formation  of  cytoplasmic  patches  in  which 
the  meshes  are  distinctly  finer.  This  is  the  first  indication  of  the 
development  of  the  fine  meshed,  central  ooplasm  which  corresponds 
to  the  “  coenocentrum  ”  of  Stevens  and  the  “  central  body  ”  of  Wager 
although  in  structure  it  is  unlike  either.  Figure  11  (plate  12)  rep¬ 
resents  a  section  through  the  oogonium  at  about  this  stage ;  in  this 
section  a  few  of  the  fine  meshed  patches  show  distinctly.  As  the 
development  of  the  oogonium  proceeds,  these  gradually  increase  in 
size  and  number,  are  better  differentiated,  and  are  seen  to  be  scat¬ 
tered  in  the  interior  of  the  oogonium.  In  the  section  represented  in 
figure  12  (plate  12)  at  least  nine  of  these  patches  may  be  seen,  each 
still  retaining  its  definite  mesh-like  character.  Figure  13  (plate  12) 
is  drawn  from  an  older  oogonium  in  which  the  patches  are  moving 
toward  the  center  where  they  are  already  in  early  stages  of  fusion. 
Figures  14, 16  (plate  12),  and  18  (plate  13)  represent  stages  in  which 
the  scattered  patches  have  completely  fused  into  one  distinct,  fine 
meshed  mass.  Throughout  these  changes  the  fine  mesh-like  charac¬ 
ter  persists.  It  can  be  seen  distinctly  when  the  structures  are  iso¬ 
lated,  when  they  are  fusing,  and  finally,  when  they  have  formed  the 
characteristic,  irregularly  shaped  central  mass. 

There  is  considerable  variation  in  the  size  of  the  meshes  of  dif¬ 
ferent  patches  of  the  same  oogonium.  Usually,  however,  the 
meshes  in  the  isolated  and  fusing  patches  are  finer  than  those  of  the 
later  formed,  central  mass.  An  examination  of  figure  18  (plate  13) 
will  show  that  this  is  not  always  the  case.  During  their  entire 
history  they  take  the  stains  more  deeply  than  does  the  undifferen¬ 
tiated  ooplasm.  This  is  particularly  true  of  the  central  ooplasm 
which  during  its  highest  development  is  a  very  conspicuous  structure 
of  the  oogonium.  In  fact,  it  frequently  stains  so  deeply  as  almost  to 
obscure  the  one  or  two  nuclei  that  it  contains.  Whether  this  deeply 
staining  property  is  due  wholly  to  the  fact  that  there  is  simply  an 
accumulation  of  more  mass  here  is  not  clear.  It  is,  however, 
entirely  probable  that  the  material  in  this  mass  has  a  greater  attrac¬ 
tion  for  the  stain  than  that  of  the  peripheral  ooplasm. 

So  far  as  is  known  to  the  writer,  the  only  phenomenon  that  is 
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comparable  to  this  origin  and  fusion  of  cytoplasmic  patches  was 
seen  by  Stevens  (’99)  in  Albugo  bliti.  In  this  species  the  oosphere 
is  formed  by  the  fusion  of  several  dense  masses  of  cytoplasm  which 
are  at  first  indefinite,  granular  patches  that  may  or  may  not  become 
finely  vacuolate  before  fusion  ( l .  c.,  fig.  60-61).  It  should  be  clearly 
pointed  out,  however,  that  Stevens  in  no  way  associates  the  fusion 
of  these  masses  with  the  formation  of  the  coenocentrum.  The 
latter  is  formed  later  from  the  finely  vacuolate  ooplasm  and  is  not 
associated  with  the  previous  fusion  of  masses.  In  one  case  the 
fusion  results  in  the  formation  of  an  oosphere  ;  in  the  other,  a  dif¬ 
ferentiated  portion  of  the  oosphere  is  formed,  which  as  we  shall 
point  out  later,  has  a  special  function.  It  is  not  easy  to  determine 
at  just  what  stage  in  the  development  of  the  oogonium  the  central 
ooplasm  is  most  highly  differentiated.  It  seems  well  formed  in 
figure  14  (plate  12)  and  it  is  still  well  developed  in  figures  16 
(plate  12)  and  18  (plate  13).  In  figure  14  (plate  12)  the  peripheral 
cells  have  not  been  formed;  in  the  figures  18  and  19  (plate  13)  the 
sperm  has  lately  entered  the  oosphere. 

In  the  light  of  what  is  known  of  the  function  and  fate  of  this  dif¬ 
ferentiated  center,  as  well  as  what  can  be  determined  of  its  structure, 
it  is  safe  to  conclude  that,  in  all  probability,  it  maintains  its  maxi¬ 
mum  development  from  the  time  the  female  enters  until  the  sperm 
nucleus  is  introduced. 

From  the  foregoing  facts  it  is  clear  that  we  have  in  Araiospora  a 
highly  specialized  central  region  of  the  oosphere  which  in  both 
origin  and  structure  is  distinctly  unlike  the  bodies  so  far  described 
in  other  T^hycomycetes.  Instead  of  appearing  in  the  center  of  the 
oogonium  as  is  true,  so  far  as  known,  of  similar  bodies  in  other 
Phycomycetes,  it  arises  as  stated,  in  little  cytoplasmic  patches, 
which  migrate  to  the  interior  and  finally  fuse  there.  There  is  no 
central  globule  and  no  granular  mass,  such  as  have  been  observed 
and  figured  in  some  related  forms.  There  can  be  no  room  for 
doubt  as  to  the  cytoplasmic  character  of  this  body ;  throughout  its 
history  from  the  very  first  evidence  of  its  origin,  as  individual 
patches,  to  the  time  of  the  entrance  of  the  two  nuclei,  one  female 
and  the  other  male,  it  preserves  its  homogeneous,  characteristic, 
definite,  fine  meshed,  cytoplasmic  structure.  Little  that  is  new  can 
be  added  in  regard  to  the  probable  function  of  this  body.  There 
are  evidences,  however,  that  it  is  kinoplasmic  in  nature. 
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Wager  (:00)  has  shown  in  Peronospora  parasitica  that  just 
before  the  periplasm  is  cut  off  from  the  oosphere,  a  nucleus  is  drawn 
into  the  latter.  The  attraction  of  the  central  body  for  the  nucleus 
is  indicated  by  the  fact  that  the  anterior  portion  of  the  latter,  as  it 
passes  through  the  ooplasm,  is  drawn  out  toward  the  body.  He 
further  observed  nuclei  out  in  the  periplasm  that  had  put  out  beaks 
in  the  direction  of  the  central  body.  Stevens  (:01b)  finds  several 
female  nuclei  drawn  out  toward  the  coenocentrum  in  at  least  two 
members  of  the  genus  Albugo.  Wager,  Trow,  and  Stevens  all  agree 
that  the  central  structure  attracts  the  sperm  nucleus,  and  all  figure 
sperm  nuclei  elongated  in  the  direction  of  the  attractive  center. 
Stevens  (:01b)  further  suggests  that  in  Albugo  tragopogonis  and 
Albugo  Candida  it  also  “  serves  as  a  source  of  nourishment  for  the 
surviving  female  nucleus.” 

In  Araiospora  there  is  evidence  that  the  central  mass  of  ooplasm 
is  an  agent  in  bringing  the  nuclei  together. 

The  writer  did  not  observe  either  male  or  female  nucleus  in  tran¬ 
sit  through  the  peripheral  ooplasm  ;  this  is  possibly  due  to  the  fact 
that  the  latter  is  extremely  coarse  meshed  and,  in  consequence, 
offers  little  resistance  to  a  moving  body.  It  is  not  known,  there¬ 
fore,  whether  or  not  they  put  out  beaks  toward  the  central  mass  as 
they  approach  it.  Neither  is  it  known  precisely  when  they  enter. 
Certainly,  in  many  cases,  the  central  ooplasm  does  not  contain  a 
nucleus  until  just  before  the  periplasm  is  formed  and  it  is  equally 
evident  that  there  is  one  present  just  after  the  oosphere  is  differen¬ 
tiated.  In  this  connection  figure  19  (plate  13)  represents  an  inter¬ 
esting  stage  ;  in  this  figure  a  male  nucleus  is  embedded  in  the  fine 
meshed  center.  The  next  section  shows  a  female  nucleus  some 
distance  to  the  right  of  the  position  occupied  by  the  male  nucleus. 
The  latter  has  a  slight  beak  put  out  in  the  direction  of  the  female 
nucleus.  The  fact  that  to  reach  the  female  nucleus,  it  must  now 
move  practically  at  right  angles  to  its  previous  direction  of  motion, 
suggests  strongly  that  mutual  nuclear  attraction  is  of  little  or  no 
consequence  in  bringing  the  sperm  from  the  antheridium.  Cer¬ 
tainly,  if  it  were  an  important  factor  the  sperm  nucleus  would  move 
directly  toward  the  female  nucleus.  The  same  thing  is  shown  in 
figure  21  (plate  13)  and  figure  35  (plate  15)  where  two  nuclei  both 
in  the  plane  of  this  section,  seem  to  be  strongly  attracted  to  each 
other;  no  antheridium  appears  in  the  section,  which  would  suggest 
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that  the  male  nucleus  had  entered  the  egg  at  an  acute  angle  to  this 
place  and  is  now  moving  in  response  to  a  second  force. 

The  fate  of  the  structure  remains  to  be  discussed.  Only  one 
writer,  Davis  (:00),  has  furnished  any  details  on  this  point.  In 
Albugo  Candida ,  whose  oospheres  have  a  well  differentiated  coeno- 
centrum,  it  has  two  methods  of  dissolution:  “The  structure  may 
increase  in  size,  the  outline  becoming  vague,  until  there  is  finally 
present  an  irregular  mass  of  protoplasm  usually  surrounding  the 
fusion  nucleus.  Or  the  coenocentrum  may  fragment  into  several 
portions,  as  is  shown  in  fig.  7,  and  these  later  swell  and  merge  into 
an  unorganized  granular  protoplasmic  mass.” 

My  own  observations  show  that  soon  after  the  sperm  nucleus 
enters  the  mass,  this  mass  begins  to  spread  out  into  the  peripheral 
cytoplasm  of  the  oospore.  It  will  be  recalled  that  when  the  sperm 
nucleus  is  introduced  the  central  region  is  sharply  differentiated 
from  the  remaining  ooplasm  which  is  coarsely  vacuolate.  Figures 
19,  21  (plate  13),  24  (plate  14),  35  and  36  (plate  15)  represent 
sections  in  which  the  fine  meshed  strands  are  radiating  out  into  the 
peripheral  region.  As  this  movement  continues,  the  coarse  meshed 
portions  become  more  and  more  restricted  by  the  fine  meshed  sur¬ 
rounding  areas  until  only  isolated  large  vacuoles  remain  (pi.  13, 
fig.  21  ;  pi.  14,  figs.  24,  26,  31) .  In  this  way  the  great  mass  of  cyto¬ 
plasm  of  the  developing  oospore  becomes  fine  meshed. 

The  central  mass  then  persists  as  a  definite  structure  until  after 
both  nuclei  enter  it.  Immediately  afterwards,  although  the  nuclei 
may  still  be  some  distance  apart,  it  begins  to  radiate  out  into  the 
peripheral  ooplasm  in  a  characteristic  way.  Such  a  highly  differ¬ 
entiated  region  arising  as  it  does,  gradually,  during  almost  the  entire 
development  of  the  oogonium,  taking  a  definite  form  as  the  other 
parts  of  the  oogonium  are  differentiated,  reaching  its  highest  devel¬ 
opment  at  the  time  the  sexual  nuclei  enter  it,  and  finally  becoming 
less  prominent  immediately  afterward  and  before  the  nuclei  fuse  or, 
as  in  some  cases,  are  even  near  each  other,  adds  to  the  previously 
published  evidence  that  one  important  function  of  this  differentiated 
region  is  to  bring  the  sexual  nuclei  into  the  interior  of  the  oosphere. 

The  peripheral  cells. —  As  the  oosphere  is  cut  off  from  the  peri¬ 
plasm  the  latter  is  divided  into  a  large  number  of  cells  by  the  radial 
division  of  the  intervacuolar  strands.  In  this  respect  Araiospora  is 
again  unlike  other  known  Phycomycetes.  Its  nearest  relatives  that 
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have  been  carefully  investigated,  Pythium  and  the  Peronosporineae , 
form  a  vacuolate,  periplasmic  cell  about  the  oosphere  but  in  these 
plants  it  apparently  is  not  cut  up  into  cells.  The  great  number  of 
cell  divisions  taking  place  in  the  oogonium  of  Araiospora  together 
with  its  unusually  coarsely  vacuolate  cytoplasm,  suggested  that  it 
might  be  favorable  for  the  study  of  the  origin  of  the  plasma  mem¬ 
branes.  After  considerable  investigation,  there  is  still  some  doubt 
as  to  whether  these  membranes  are  laid  down  separately  or  by  the 
splitting  of  a  previously  formed,  single  one.  There  is  more  evidence 
to  suggest  that  they  are  formed  in  the  first  mentioned  way ;  for 
example,  on  the  upper  side  of  figure  15  (plate  12)  in  the  region 
where  these  membranes  are  known  to  arise,  two  almost  parallel, 
slightly  differentiated  strands  are  separated  by  a  row  of  small  alveo¬ 
lae.  The  writer  is  inclined  to  the  view  that  as  these  strands 
become  better  differentiated  they  are  finally  separated  by  the 
fusion  of  the  intervening  alveolae.  Cell  walls  are  now  laid  down 
between  adjacent  peripheral  cells  as  well  as  between  the  latter 
and  the  oosphere.  These  walls  are  fully  developed  in  figure 
18  (plate  18). 

From  the  manner  in  which  the  peripheral  cells  arise,  it  is  readily 
seen  that  each  contains  at  the  outset  only  a  small  amount  of  proto¬ 
plasm  which  in  each  case  separates  the  enclosed  vacuole  from  the 
surrounding  cell  wall.  Within  each  of  these  cells  there  is  certainly, 
in  many  cases,  at  least  one  nucleus  and  often  more.  In  the  latter 
case  they  are  smaller  and  almost  invariably  found  in  groups  suggest¬ 
ing  that  division  may  have  taken  place  in  the  peripheral  cells  (pi. 
13,  fig.  18).  There  are  over  the  surface  of  an  average  oogonium, 
probably  from  sixty  to  seventy  of  these  peripheral  cells.  Since 
each  builds  a  wall  over  at  least  a  portion  of  its  surface,  it  is  evident, 
if  the  nucleus  controls  metabolic  activity,  that  there  must  be  at 
least  one  present  in  each  cell.  As  a  matter  of  fact  two  nuclei  are 
frequently  found  in  young  peripheral  cells;  this  gives  additional 
evidence  that  there  has  been  a  division  of  the  thirty-five  or  more 
nuclei  that  originally  entered  the  oogonium.  It  may  be  mentioned 
at  this  time,  also,  that  there  is  a  probable  homology  between  the 
walls  that  are  built  by  the  peripheral  cells  of  Araiospora  and  the 
characteristic  reticulated  markings  found  on  the  surface  of  the 
oospores  of  Rhipidium  (Tliaxter,  ’96)  and  certain  P  eronosporineae 
(Berlese,  '97).  Certainly  the  formation  of  the  peripheral  vacuoles 
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in  Araiospora  and  their  relation  to  the  intervacnolar  strands  in 
which  the  cells  are  formed,  have  such  a  striking  resemblance  to  the 
peripheral  vacuoles  and  reticulations  in  the  Peronosporineae  (Ber- 
lese,  ’97,  pi.  7,  fig.  3-4),  that  it  suggests  a  homology  between 
these  structures. 

The  fertilization  tube. —  In  Araiospora,  the  fertilization  tube 
arises  in  an  interesting  and  novel  way.  A  receptive  papilla  is 
developed  which  is  essentially  similar  in  structure  to  those  of  the 
Peronosporineae.  It  consists  of  a  deeply  staining,  fine  meshed  mass 
of  granular  cytoplasm  just  inside  the  oogonial  wall  opposite  the 
place  where  the  antheridium  is  appressed,  and  its  function  is  to 
perforate  the  intervening  walls.  Figure  16  (plate  12)  represents 
the  receptive  papilla  in  the  act  of  establishing  connection  between 
the  sexual  organs.  The  ooplasm  just  back  of  the  papilla  and  even 
between  the  two  adjacent  peripheral  cells,  is  coarsely  vacuolate  and 
precisely  similar  in  structure  to  the  ordinary  peripheral  ooplasm  of 
the  egg  of  which  it  is  undoubtedly  a  part.  The  apex  of  the  papilla 
as  well  as  the  depression  which  it  forms  in  the  oogonial  wall  are  at 
this  stage  acutely  conical.  It  is,  furthermore,  hollow  as  is  shown  by 
the  dark  opening  at  its  base  (pi.  12,  fig.  16).  It  was  stated  in 
tracing  the  development  of  the  oogonium  that  a  layer  of  peripheral 
cells  derived  from  the  periplasm  separates  the  oosphere  and  the 
original  oogonial  wall.  This  separation  is  complete,  except  as 
suggested,  at  the  single  point  where  the  receptive  papilla  is  formed. 
At  this  place,  the  periplasm  is  cut  off  from  the  thread-like  ooplasmic 
strand  which  connects  receptive  papilla  and  oosphere  proper,  by 
radial  cell  walls  of  periplasmic  origin  that  are  laid  down  about  the 
strands  in  such  a  way  as  to  form  the  fertilization  tube.  Adjacent 
to  this  tube,  therefore,  on  all  sides  is  a  circle  of  peripheral  cells 
whose  walls  separate  the  contents  of  the  tube  from  those  of  the 
contiguous  peripheral  cells.  Figure  16  (plate  12)  and  figure  32 
(plate  15)  represent  a  section  showing  the  tube  in  the  process  of 
formation  and  figures  18,  19,  and  20  (plate  13)  show  later  stages  in 
its  history.  In  the  first  figure,  fertilization  has  not  taken  place  as  is 
shown  by  the  densely  filled  antheridium. 

Figure  14  (plate  12)  represents  an  early  stage  in  the  origin  of 
the  fertilization  tube.  W e  have  here  the  vacuoles  and  between 
them  the  cytoplasmic  strands.  On  the  lower  side  next  to  the 
antheridium  may  be  seen  one  of  these  strands  well  developed. 
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Although  there  is  no  receptive  papilla  nor  other  evidence  of  differ¬ 
entiation  at  this  early  stage,  yet  when  these  changes  take  place, 
radial  walls  will  be  formed  near  the  edges  of  this  strand  and  the 
part  within  will  be  differentiated  as  ooplasm  and  that  without  as 
periplasm.  The  writer  knows  of  no  other  Phycomycete  in  which 
tube  formation  by  the  oogonium  has  been  described.  In  Araiospora 
there  is  undoubted  evidence  that  this  thick  walled  tube  is  formed 
by  the  periplasm  just  previous  to  fertilization. 

It  may  be  mentioned  in  this  connection,  that  according  to  Wager 
(!96,  p.  306)  Zalewski  observed  in  the  genus  Cystopus  that  “the 
fertilizing  tube  of  the  antheridium  also  becomes  surrounded  by  a 
thick  exospore.”  Furthermore,  Wager  (’96,  fig.  27)  represents  a 
persistent  fertilization  tube  on  which  are  formed  configurations 
similar  to  those  of  the  mature  oospore.  The  writer  has  also  seen 
this  persistent  fertilization  tube  in  Albugo  Candida  which  it  is  possi¬ 
ble  may  be,  in  part  at  least,  of  oogonial  origin.  The  presence  of  a 
wall  separating  oospore  and  periplasm,  that  can  be  traced  out  to 
the  oogonial  wall  adjacent  to  the  antheridium,  and  the  appearance 
of  similar  configurations  on  the  walls  of  the  tube  and  the  outer  sur¬ 
face  of  the  oogonial  wall  certainly  suggests  a  common  periplasmic 
origin  of  the  walls  of  tube  and  oospore. 

At  this  point  when  the  tube  is  formed,  Araiospora  apparently 
differs  from  all  other  investigated  Phycomycetes.  All  observers 
with  the  possible  exception  of  Trow  and  Miyake  have  found  that 
the  antheridium  sends  a  tube  into  the  oogonium  and  oosphere. 
Wager,  Berlese,  Stevens,  and  Davis  have  all  seen  and  figured  this 
tube  in  various  stages  of  development. 

The  writer  has  seen  no  trace  of  such  a  tube  although  he  has 
examined  hundreds  of  sections  of  oogonia  seen  in  all  planes  and  at 
various  stages  of  development  for  evidences  of  its  presence.  After 
the  perforation  which  in  Araiospora  establishes  complete  communi¬ 
cation  between  the  two  organs,  it  is  only  necessary  in  order  to 
bring  about  fertilization,  for  the  sperm  nucleus  and  some  cytoplasm 
to  pass  from  the  antheridium  into  the  oosphere. 

We  have  then  in  Araiospora,  a  Phycomycete  whose  oogonium 
not  only  makes  the  perforation  between  egg  and  antheridial  contents, 
but,  in  addition,  builds  entirely  a  well  developed  fertilization  tube. 
Furthermore,  there  is  here  a  receptive  papilla  about  the  homology 
of  which  there  cannot  be  the  slightest  doubt.  Instead  of  being  a 
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phylogenetic  reminiscence,  it  is  the  active  agent  in  bringing  about 
fertilization.  Even  in  this  divergence  from  other  forms  studied,  a 
careful  review  of  the  facts  observed,  particularly  by  Wager,  Trow, 
and  Miyake,  shows  that  there  is  considerable  variation  in  the  degree 
of  development  of  the  antheridial  tube  in  different  species.  For 
example  in  figures  4  and  5  of  Wager’s  (:00)  paper  there  are  no 
indications  of  the  walls  of  the  antheridial  tube  and  even  in  figure  7 
it  has  a  well  developed  structure  little  farther  than  the  periplasm ; 
moreover,  both  Trow  and  Miyake,  as  previously  mentioned, 
expressly  state  that  they  cannot  trace  the  tube  beyond  the  peri¬ 
plasm.  Viewed  from  this  standpoint,  these  forms  with  their  poorly 
developed  and  evanescent  tubes,  evidently  stand  between  Araiospora 
on  the  one  hand  and  such  forms  as  Albugo  with  its  highly  special¬ 
ized  tube  on  the  other  and  tend  in  a  measure  to  bridge  over  the 
wide  gap  between  them.  One  would  naturally  expect  that  the 
Pythium  would  also  show  little  or  no  evidence  of  an  antheridial 
tube  —  a  supposition  that  seems  to  be  borne  out  by  the  facts. 

The  antheridium. —  There  is  little  of  special  interest  in  the  devel¬ 
opment  of  the  antheridium.  Early  in  its  history  it  bends  down  and 
applies  itself  closely  to  a  small  portion  of  the  oogonial  surface  near 
the  base  of  the  oogonium.  At  this  time  it  usually  contains  from 
five  to  seven  nuclei.  No  nuclear  divisions  were  observed  here 
but  it  is  quite  probable  that  a  general  mitosis  occurs,  since  old 
antheridia  are  found  that  contain  about  double  this  number.  Previ¬ 
ous  to  this  nuclear  division  the  cytoplasm  consists  of  a  uniform 
alveolar  meshwork  (pi.  13,  fig.  17).  This  particular  antheridium 
contains  five  nuclei,  two  appearing  in  a  succeeding  section.  These 
nuclei  take  the  stain  similarly  to  those  of  the  oogonium  which  they 
otherwise  resemble.  Just  before  fertilization,’  the  cytoplasm 
becomes  more  dense  and  stains  more  deeply  (pi.  12,  fig.  16;  pi.  15, 
fig.  32).  After  fertilization  the  remaining  cytoplasm  and  nuclei  may 
persist  for  some  time  or  both  may  contract  into  a  small  mass  and 
degenerate. 


Fertilization. 

In  following  the  development  of  the  fine  meshed  ooplasm,  the 
egg  itself  has  been  described.  It  consists,  when  ripe,  of  a  differen¬ 
tiated  central  region,  which  at  this  time  contains  a  nucleus  and 
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occupies  an  area  equal  to  one  third  or  more  of  the  entire  diameter 
of  the  egg,  and  the  coarsely  vacuolate  peripheral  ooplasm  from 
which  it  is  sharply  marked  off  (pi.  15,  fig.  32—33). 

When  the  oosphere  has  reached  the  condition  described,  a  single 
sperm  nucleus  and  some  cytoplasm  are  introduced  into  it  through 
the  perforation  made  by  the  receptive  papilla.  Although  there  are 
several  nuclei  in  the  antheridium  before  the  conjugation  pore  is 
formed,  so  far  as  observed,  only  one  passes  into  the  oosphere  ;  the 
others  degenerate.  Occasionally,  one  can  find  partially  empty 
antheridia  showing  nuclei  in  stages  of  degeneration  (pi.  13,  fig.  20; 
pi.  14,  fig.  23).  Such  conditions  as  are  represented  in  figures  16 
(plate  12),  18  and  19  (plate  13),  which  are  separated  by  a  compar¬ 
atively  short  interval,  give  ground  for  the  inference  that  some  of 
the  cytoplasm  of  the  antheridium  enters  the  oosphere.  In  figure  16 
(plate  12)  the  antheridium  is  densely  filled  with  protoplasm  just 
before  it  opens;  in  figure  18  (plate  13)  the  differentiated  central 
ooplasm  is  still  well  developed  and  the  antheridium  is  almost  empty  ; 
and  in  figure  19  (plate  13)  a  strand  of  more  deeply  stained  cyto¬ 
plasm  can  be  seen  extending  out  into  the  oosphere  from  the  inner 
end  of  the  oogonial  tube. 

The  sexual  nuclei  as  they  approach  the  center  of  the  oosphere  put 
out  beak-like  processes  from  their  anterior  surfaces  (pi.  13,  fig. 
18-22;  pi.  15,  fig.  34-35).  In  the  first  few  cases  observed,  these 
pointing  nuclei  seemed  almost  triangular  and  the  phenomenon  was 
thought  to  be  due  to  shrinkage  although  extreme  care  had  been 
taken  throughout  to  prevent  this.  The  possibility  of  its  being 
abnormal  seemed  to  have  confirmation  in  the  fact  that,  as  far  as  the 
writer  is  aware,  approaching  sexual  nuclei  with  such  beak-like  proc¬ 
esses  have  not  been  observed  in  either  animal  or  plant  cells.  As 
the  investigation  continued,  however,  these  pointing  sexual  nuclei 
were  often  seen ;  some  of  them  in  oospores  otherwise  perfectly  fixed 
(pi.  13,  fig.  21 ;  pi.  15,  fig.  35).  There  is,  therefore,  no  doubt  that 
they  are  entirely  normal. 

The  possibility  of  their  being  nuclei  that  were  dividing  by  con¬ 
striction  was  considered.  If  this  were  true,  the  daughter  nuclei 
should,  in  response  to  surface  tension,  assume  a  spherical  form  when 
division  is  complete.  A  comparison  of  the  figures  cited  above  shows 
that  these  nuclei  have  essentially  this  form  even  when  some  distance 
apart.  Moreover,  the  older  oospores  contain,  as  a  rule,  nuclei  that 
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are  both  closer  together  and  larger  (pi.  15,  fig.  37).  Furthermore, 
the  relative  positions  of  the  nuclei  in  figure  22  (plate  13)  cannot  be 
explained  on  such  an  assumption. 

If,  then,  these  are  incipient  stages  of  fertilization,  as  the  facts  cer¬ 
tainly  suggest,  what  force  or  forces  cause  this  peculiar  shape  ?  It  is 
clear  that  there  are  only  three  possible  agencies  that  could  bring  the 
sexual  nuclei  together:  an  amoeboid  movement  of  the  nuclei  them- 
selves ;  or,  the  sperm  nucleus  could  be  forced  in  by  greater  hydro¬ 
static  pressure  in  the  antheridium  at  the  time  the  perforation  is 
made;  or  finally,  they  might  be  strongly  attracted  into  a  common 
region  of  the  egg.  There  is  nothing  to  suggest  an  amoeboid  move¬ 
ment  and  little  to  indicate  the  second  of  these  agencies  unless  it  is 
that  the  antheridium  becomes  extremely  dense  just  before  it  opens 
and  the  additional  fact  that  the  sperm  nucleus  often  changes  its 
course  after  it  enters  the  central  ooplasm.  If  the  sperm  nucleus 
were  forced  in,  however,  it  should,  in  passing  into  the  dense  central 
portion,  flatten  on  its  anterior  surface.  On  the  contrary,  the  advanc¬ 
ing  nuclei  are  elongated  in  the  direction  of  migration  suggesting 
that  they  are  moving  in  response  to  a  strong  attraction.  It  is  possi¬ 
ble  that  the  pointing  is  accentuated  by  the  fact  that  the  intervening 
substance  is  extremely  compact  and  the  bodies  in  moving  through  it 
meet  with  considerable  resistance.  Throughout  the  investigation 
the  evidence  has  suggested  that  the  entire  nuclear  movement  is  a 
response  to  two  forces :  one  acting  first,  that  brings  the  nuclei  into 
the  interior  of  the  egg;  and  another,  manifesting  itself  later,  that 
draws  the  nuclei  together.  Such  an  assumption  would  seem  to 
explain  the  change  of  course  that  the  sperm  nucleus  so  often  makes 
after  it  enters  the  central  portion  of  the  egg. 

In  almost  all  cases  this  change  of  course  as  well  as  the  formation 
of  the  nuclear  beaks  can  be  accounted  for  on  the  ground  of  strong 
mutual  nuclear  attraction.  It  is  entirely  probable,  furthermore, 
that  the  peculiar  form  of  the  nuclei  is  an  expression  of  the  action  .of 
this  force.  There  are  some  instances,  however,  that  are  difficult  to 
account  for  on  such  aground.  In  figure  22a  (plate  13)  for  example, 
the  sexual  nuclei  put  out  beaks  that  form  an  angle  of  less  than  70° 
and  in  figure  18b  (plate  13)  the  beaks  also  form  a  sharp  angle.  It 
may  be  noted,  furthermore,  that  the  beaks  in  these  cases  and  in  all 
others  as  well,  are  burned  approximately  toward  the  center  of  the 
differentiated  ooplasm.  This  would  indicate  that  its  center  really  is 


KING:  CYTOLOGY  OF  ARAIOSPORA  PULCHRA. 


233 


the  point  toward  which  they  are  both  drawn.  But  this  central 
ooplasm  while  highly  differentiated,  certainly  appears,  in  many  cases, 
almost  homogeneous  and,  if  this  be  true,  the  sexual  nuclei  as  they 
approach  its  center,  should,  if  not  mutually  attracted,  assume  a  more 
nearly  spherical  form,  a  thing  which  they  do  not  do.  The  fact  that 
the  anterior  halves  of  the  approaching  nuclei  are  drawn  out  into 
sharp  beaks  suggests  that  the  attracting  force,  if  outside  the  nuclei 
themselves,  is  centered  in  a  small  area  at  their  tips. 

The  writer  has  seen  no  later  stages  of  fertilization.  From  the 
time  the  sperm  nucleus  is  introduced  until  the  oospore  has  a  thick 
wall  and  contains  a  conspicuous  central  globule,  binucleate  oospores 
may  be  found  in  practically  all  intervening  stages  (pi.  13,  fig. 
20-22  ;  pi.  14,  fig.  25-31).  A  comparison  of  these  figures  (a  por¬ 
tion  of  one  nucleus  in  figure  25  (plate  14)  appears  in  the  next 
section)  shows  that  the  binucleate  character  persists  during  the 
formation  of  the  central  globule  and  the  thickening  of  the  oospore 
wall.  It  may  also  be  seen  that  there  are  evidences  of  the  presence 
of  nuclear  beaks  in  figures  25,  26,  and  possibly  in  27  (plate  14). 
This  would  seem  to  indicate  that  fertilization  had  not  taken  place 
at  this  time.  Figures  29,  30,  and  31  (plate  14)  represent  sections 
through  oospores  that  are  practically  mature.  Even  in  figure  31 
an  equally  conspicuous  nucleus  shows  in  the  next  section. 

When  does  nuclear  fusion  take  place?  This  point  has  been  a 
puzzling  one  for  it  is  extremely  difficult  to  find  uninucleate  oospores. 
It  is  true  that  a  few  have  been  found  in  looking  over  a  great  num¬ 
ber  of  sections  but  even  these  few  represented  no  particular  stage 
in  the  development  of  the  oospore,  a. fact  difficult  to  explain  on  the 
ground  that  they  contain  zygote  nuclei.  It  may  furthermore  be 
stated  that  the  writer  has  never  seen  a  case  where  an  empty  antheri- 
dium  was  certainly  connected  with  a  uninucleate  oospore.  The  most 
reasonable  interpretation  of  the  facts  is  that  the  two  nuclei  occurring 
in  the  developing  oospores  are  the  sexual  nuclei  and  that  nuclear 
fusion  does  not  take  place  until  later.  This  conclusion  is  supported 
by  the  following  facts  :  —  (1)  The  most  mature  oospores  are  only  a 
couple  of  weeks  old  and,  in  all  probability,  are  just  starting  on  a 
long  period  of  rest ;  fusion  could  occur  somewhere  in  this  period, 
possibly  at  its  close.  (2)  No  nuclear  fusions  or  divisions  were  seen 
in  the  oospores.  (3)  There  are  invariably  only  two  nuclei  in  the 
older  oospores.  (4)  These  two  nuclei  are  always  closely  associated 
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whether  in  the  center  or  later  at  the  periphery  ;  this  association  for 
so  long  a  period,  indicates  that  they  mutually  attract  each  other,  a 
phenomenon  that  suggests  them  to  be  sexual  rather  than  vegetative 
nuclei.  (5)  During  this  period  they  make  a  conspicuous  growth  in 
size  (pi.  15,  figs.  35,  37),  a  common  phenomenon  of  sexual  nuclei. 
(6)  Nuclear  fusion  is  delayed  for  a  considerable  time  in  some  related 
forms:  Basidiobolus  ranarum  (Fairchild,  ’97),  Monoblepharis  (Lag- 
erheim,  :00),  Peronospor a  parasitica  (Wager,  :00),  and  Polyphagus 
euglenae  (Wager,  ’99). 

Development  of  the  Oospore. 

Attention  has  been  called  to  the  fact  that  the  central  ooplasm 
begins  to  spread  out  into  the  oospore  soon  after  the  sperm  nucleus 
is  introduced.  When  the  greater  portion  of  this  has  disappeared 
from  the  interior  and  the  two  nuclei  are  near  the  center  of  the 
oospore,  the  latter  begins  laying  down  a  wall  on  the  inside  of  the 
periplasmic  wall  (pi.  14,  fig.  25—28).  As  this  wall  grows  in  thick¬ 
ness  the  coarser  vacuoles  become  larger  and  fewer.  This  massing 
of  the  oleagenous  substance  with  which  the  vacuoles  are  filled,  con¬ 
tinues  until  in  most  cases  one  large,  conspicuous,  yellow  globule  is 
formed  in  the  center  of  the  oospore  (pi.  14,  fig.  31).  In  some  cases,, 
the  oleagenous  substance  is  collected  into  several  globules  even  in 
what  otherwise  appear  to  be  equally  mature  oospores  (pi.  14,  fig.  30). 
In  the  latter  case,  the  nuclei  are  centrally  placed  while  in  the  former^ 
which  is  the  more  common,  they  are  of  course,  lateral.  Figure  29 
(plate  14)  which  in  this  section  shows  no  globule,  has  a  conspicuous,, 
central  one  in  the  succeeding  sections.  In  many  cases,  particularly 
in  young  oospores,  there  are  small  oil  globules  occupying  the  central 
region  of  much  larger  alveolae,  suggesting  that  all  but  the  remnants 
of  these  globules  had  been  dissolved  by  the  various  reagents  through 
which  the  sections  were  passed  (pi.  14,  fig.  25).  In  other  cases,  con¬ 
spicuous  cavities  may  be  seen  in  the  globules  themselves  indicating 
that  they  are  not  of  the  same  chemical  composition  throughout. 

Figures  30  and  31  (plate  14)  represent  oospores  as  old  as  were 
met  with  in  the  course  of  the  investigation.  Scores  of  these,  each 
binucleate,  were  found.  The  two  walls  are,  at  this  time,  distinct; 
the  outer  is  thin  ami  takes  the  gentian  deeply,  the  inner  is  thick  and 
stains  feebly  with  gentian.  These  two  walls  are  present  on  the 
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entire  surface  of  the  oospore  except  where  the  tube  is  formed.  On 
the  outside  there  is  at  this  place,  of  course,  no  periplasmic  wall. 
Furthermore,  the  inner  wall  is  much,  thinner  here  and  from  its 
arched  appearance  is  evidently  built  out  from  the  edges  of  the 
periplasmic  wall  of  the  inner  end  of  the  tube.  It  is  possible  that  the 
wall  of  the  germinating  oospore  ruptures  at  this  point. 

Taxonomy. 

4 

Thaxter,  who  has  carefully  studied  several  of  the  Leptomitaceae , 
accepts  Schroeter’s  classification  but  states  that  the  reproductive 
processes  obtaining  in  this  group  connect  them  more  closely  with 
the  Pythiaceae  and  Peronosporaceae. 

Trow  (:01)  and  Miyake  (:01)  working  independently  on  different 
members  of  the  genus  Pythium  agree  in  their  conclusions  that 
the  genus  is  nearer  the  Peronosporaceae  than  the  Saprolegniaceae , 
and  Trow  proposes  that  Pythium  be  made  coordinate  with  Albugo, 
Peronospora,  and  Phytophthora. 

An  examination  of  the  facts  presented  in  this  paper  concerning 
Araiospora,  shows  conclusively  that  it  is  more  closely  related  to  the 
Peronosporineae  than  to  the  Saprolegniineae  with  which  it  has 
been  associated  by  both  Fischer  and  Schroeter.  The  general  simi¬ 
larity  of  habitat,  structure,  and  zoosporangium  formation  are  the 
chief  grounds  upon  which  it  could  be  placed  with  the  latter  group. 
On  the  other  hand,  there  are  many  important  facts  that  connect 
Araiospora  with  the  Peronosporineae.  The  migration  of  the 
oogonial  nuclei  to  the  periphery  where  great  numbers  of  them  are 
cut  off  with  the  periplasm ;  the  formation  of  a  periplasmic  cell  wall 
upon  which  there  are  characteristic  markings ;  the  presence  within 
the  center  of  the  oosphere  of  a  highly  specialized  structure  corre¬ 
sponding  to  that  found  in  the  Peronosporaceae ;  the  development 
of  a  well  organized  and  functional  receptive  papilla;  and, finally,  the 
absence  of  an  antheridial  tube  which  is  such  a  conspicuous  organ  of 
the  Saprolegniaceae ,  all  indicate  that  Araiospora’s  affinities  are  with 
Pythium  and  the  Peronosporineae.  Accepting  Trow’s  arrangement 
of  Pythium,  the  writer  suggests  that  the  Leptomitaceae  as  limited 
by  Thaxter  be  taken  from  the  Saprolegniaceae  and  placed,  at  least 
provisionally,  as  a  separate  family  of  the  Peronosporineae  between 
Pythium  and  the  cohort  Saprolegniineae. 
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General  Considerations. 

Stevens  (:Olb)  has  reached  the  conclusion  that  a  well  organized 
coenocentrum,  a  uninucleate  egg,  and  a  small  receptive  papilla  are 
marks  of  higher  and  more  recent  forms  of  the  genus  Albugo.  For 
example,  he  finds  only  a  rudimentary  coenocentrum  in  the  multi- 
nucleate  egg  of  Albugo  portulacae  which  he  regards  as  the  most 
primitive,  and  a  highly  developed  structure  in  the  center  of  the 
uninucleate  oosphere  of  A.  Candida ,  the  most  highly  developed 
member  of  the  genus.  He  furthermore  finds  that  Albugo  tragopo- 
gonis  represents  a  transitional  stage  between  the  two  previously 
mentioned  species.  At  the  outset  its  oospheres  contain  many  nuclei 
only  one  of  which  is  finally  sexually  functional  ;  the  others  may  be 
found  in  all  stages  of  degeneration.  He  therefore  concludes  by  the 
law  of  biogenesis  that  A.  portulacae  is  the  most  primitive  and  that 
the  condition  obtaining  in  A.  Candida  has  been  brought  about  by  a 
process  of  evolution. 

The  writer  believes  that  the  ontogeny  of  Araiospora  confirms 
Stevens’s  theory  that  the  uninucleate  condition  has  been  evolved  from 
previously  existing  multinucleate  forms.  The  formation  in  the  cyto¬ 
plasm  of  the  developing  oogonium  of  many  small,  often  barely  con¬ 
spicuous,  fine  meshed  masses  which,  as  the  oogonium  develops, 
finally  fuse  at  its  center  and  function  there  as  an  attraction  for  the 
sexual  nuclei,  if  given  a  phylogenetic  interpretation,  certainly  sug¬ 
gests  relationships  with  earlier  forms  which  had  either  multinucleate 
oospheres  or  multiovulate  oogonia.  In  either  case,  and  particularly 
in  the  latter,  we  may  see  evidences  of  more  primitive  forms  in  the 
Saprolegniaceae.  In  this  connection,  Davis’s  (:03)  investigations  are 
of  interest.  He  finds  several  star-like  coenocentra  forming  in  the 
developing  oogonium ;  one  coenocentrum  and  the  nucleus  which 
always  accompanies  it,  form  the  center  of  each  developing  egg. 
These  observations  seem  to  give  confirmation  to  the  theory  that 
uninucleate  forms  are  the  more  recent. 

Wager  and  Stevens  are  not  in  agreement  as  to  the  homology  of 
the  receptive  papilla  of  the  Peronosporineae.  Wager  believes  it  to 
be  strictly  homologous  with  the  receptive  spot  in  the  oospheres  of 
Oedogonium  and*  Vaucheria.  Stevens,  on  the  contrary,  sees  no 
homology  between  this  structure  and  the  receptive  papilla  of  the 
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algae  mentioned.  He  regards  it  as  a  zymogenic  region  of  the  proto¬ 
plasm  of  the  oogonial  cell  and  homologous  with  the  papilla  of  dehis¬ 
cence  of  zoosporangia.  If  zoosporangia  and  oogonia  are  homol¬ 
ogous  organs  as  Thaxter  (’95a)  has  certainly  shown  by  his  figures 
in  Mo noblephari s  insignis  and  M.  fasciculata ,  it  is  clear  that  these 
structures  must  also  be  homologous.  In  any  case,  there  can  he 
no  doubt  as  to  the  homology  between  the  receptive  papilla  of 
Araiospora  and  the  structure  in  the  algae  mentioned  above.  In 
Araiospora  it  is  always  a  differentiated  portion  of  the  oosphere,  it 
perforates  the  oogonial  wall,  and  finally  it  is  the  part  of  the  egg 
that  receives  the  sperm  nucleus. 

Cytologists  are  generally  agreed  that  the  process  of  fertilization 
has  two  functions :  a  rejuvenescence  of  the  fertilized  cell  and  the 
transmission  of  two  more  or  less  distinct  lines  of  descent.  If  this  be 
true,  it  is  clear  that  the  second  of  these  purposes  can  be  realized 
only  where  nuclear  fusion  takes  place ;  otherwise  there  can  be  no 
blending  of  chromatin  substances.  There  have  been  a  number  of 
recent  experiments  on  the  eggs  of  certain  animals  that  tend  to  show 
the  Independence  of  these  two  functions  of  fertilization.  The  well 
known  experiments  on  the  eggs  of  Toxopneustes  indicate  clearly  that 
rejuvenescence  can  be  brought  about  without  the  aid  of  a  sperm 
nucleus,  the  bearer  of  the  hereditary  characters  of  the  other  line  of 
descent.  Furthermore,  Wager  (’99)  suggests  that  m  certain  fungi  in 
particular,  the  excitation  to  activity  of  the  fertilized  cell  is  the  more 
important  function,  since  in  many  cases,  the  lower  plants  often  pro¬ 
duce  the  two  sexual  organs  in  close  proximity  to  each  other  and 
the  nuclei  must  of  necessity  represent  essentially  the  same  line 
of  descent. 

In  Araiospora  these  two  functions  stand  out  in  sharp  contrast. 
Until  the  sperm  nucleus  is  introduced  the  central  ooplasm  is  sharply 
differentiated  ;  immediately  afterward  the  previously  described  pe¬ 
ripheral  migration  of  the  central  mass  occurs ;  this  is  followed  by 
an  accumulation  of  a  large,  central  globule  and  the  formation  of  a 
thick  oospore  wall.  As  these  changes  occur,  the  nuclei  remain 
distinct  but  increase  o;reatlv  in  size.  Mention  has  been  made  of 
other  instances  of  delayed  fusion  of  the  sexual  nuclei.  In  Basidiob- 
olus  (Fairchild,  ’97),  the  wall  of  the  oospore  is  well  developed 
before  the  nuclei  fuse,  although  they  have  been  lying  side  by  side 
for  some  time.  In  Monoblepharis  (Lagerheim,  :00)  the  sexual 
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nuclei  lie  side  by  side  and  do  not  fuse  until  the  warts  are  being 
formed  on  the  oospore.  Peronospora  parasitica  (Wager,  :00)  rep¬ 
resents  a  case  of  delayed  nuclear  fusion  in  the  Peronosporineae.  In 
this  species,  nuclear  fusion  does  not  take  place  until  a  well  devel¬ 
oped  wall  has  been  formed  about  the  oospore.  Fusion  then  occurs 
and  the  oospore  remains  uninucleate  until  germination.  Wager 
points  out  another  interesting  fact  about  the  sexual  nuclei  of  Pero¬ 
nospora  parasitica.  He  finds  that  they  approach  each  other  soon 
after  the  sperm  nucleus  is  introduced,  then  separate  for  some  time 
and  finally  approach  the  second  time  and  fuse.  When  the  sperm 
nucleus  is  first  introduced  into  the  oosphere  of  Araiospora  the  sex¬ 
ual  nuclei  approach  and  put  out  beaks.  Later,  during  the  period  of 
growth  they  become  spherical  but  remain  close  together.  In 
Pythium  nltimum  (Trow,  :01),  “the  male  and  female  nuclei  do  not 
fuse  until  a  thick  oospore  wall  has  been  produced.”  Polyphagus 
(Wager,  ’99)  represents  a  more  extreme  case  of  delayed  nuclear 
fusion.  Here  the  sexual  nuclei  remain  distinct  during  the  entire 
development  of  the  thick  walled  resting  spore  and  fusion  takes  place 
only  in  the  initial  stages  of  germination.  It  will  be  seen  that 
Araiospora  furnishes  additional  evidence  of  the  independence 
between  nuclear  fusion  and  the  excitation  to  activity  of  the  ferti- 
lized  cell. 

The  origin  of  the  Oomycetic  Pliycomycetes  is  far  from  clear  at  the 
present  time.  Moreover,  recent  investigations  and  the  accompany¬ 
ing  conclusions  tend  to  make  the  question  even  more  obscure.  The 
writer  is  not  strictly  in  sympathy  with  the  view  that  deviations  in 
the  details  of  nuclear  migration  or  even  division  be  given  more  prom¬ 
inence  than  many  other  facts  of  structure  and  development.  -  Con¬ 
trary  to  the  view  expressed  by  Lagerheim  (:00)  it  still  seems 
reasonable  that  Vaucheria-like  forms  present  the  strongest  indica¬ 
tions  of  relationship  with  the  Oomycetic  fungi.  Lagerheim  believes 
that  Monoblepharis  is  derived  from  Oedogonium-like  ancestors  and 
this  conclusion  is  based  chiefly  on  the  ground  that  its  oogonium  is 
always  uninucleate  while  that  in  Vaucheria  is  multinucleate  until 
just  before  the  septation  is  formed.  Before  abandoning  this  view 
of  the  origin  of  at  least  a  portion  of  the  Oomycetic  Phycomycetes, 
it  is  certainly  important  to  know  more  of  the  manner  in  which  the 
multinucleate  zoosporangia  of  Monoblepharis  bisignis  and  JSL 
fasciculata  arise. 
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Stevens  accepts  Strasburger’s  theory  that  there  is  a  difference 
in  the  cytoplasmic  nature  of  the  sexual  cells  and  finds  it  strongly 
confirmed  in  his  studies  of  the  genus  Albugo.  This  theory  of  fer¬ 
tilization,  it  will  be  recalled,  assumes  that  the  oosphere  is  rich  in 
trophoplasm,  the  food-supplying  cytoplasm,  and  poor  in  kinoplasm  or 
active  cytoplasm,  and  that  precisely  opposite  conditions  obtain  in 
the  antheridium.  Such  a  theory  seems  extremely  reasonable  in 
view  of  the  fact  that  it  appears  to  have  general  confirmation  in 
the  sexual  cells  of  both  plants  and  animals.  For  example,  egg 
cells  are  usually  large,  passive  and  have  a  rich  food  supply ;  on 
the  contrary,  the  sperm  cells  are  almost  invariably  small  and 
extremely  active.  According  to  Stevens  (:01b),  as  the  oogonia 
develop,  the  oosphere  becomes  rich  in  trophoplasm  and  the  kino¬ 
plasm  migrates  outward  and  is  cut  off  with  the  periplasm.  The 
peripheral  movement  of  the  nuclei  is  accounted  for  on  the  ground 
that  they  “  pass  to  the  periphery  to  rid  themselves  of  superfluous 
kinoplasm,  possibly  to  prevent  parthenogenetic  development  of  the 
oosphere.”  Stevens,  furthermore,  expressly  states  that  this  migra¬ 
tion  cannot  be  accounted  for  on  the  grounds  of  phylogeny,  atavism, 
or  wall  building. 

To  the  writer  such  an  explanation  of  nuclear  migration  seems 
entirely  inadequate.  Why  should  the  periplasm  be  the  general 
recipient  of  the  kinoplasm  of  the  oosphere  when  little  is  needed 
there  and  much  will  be  demanded  in  the  development  of  the 
oospore?  Furthermore,  the  kinoplasm,  introduced  with  the  sperm 
is  often  entirely  too  little  in  amount  to  furnish  the  fertilized  cell 
with  sufficient  active  cytoplasm.  The  facts  set  forth  in  the  investi¬ 
gation  of  Araiospora  bear  on  this  point  and  give  ground  for  a"  differ¬ 
ent  interpretation  of  nuclear  migration.  It  will  be  recalled  that  there 
is  a  nuclear  migration  in  Araiospora  early  in  the  history  of  the  oogo¬ 
nium  before  there  are  evidences  of  a  differentiation  into  oosphere 
and  periplasm.  It  may  furthermore  be  recalled  that  these  nuclei 
become  isolated  and  are  cut  off  later  with  a  limited  amount  of  peri¬ 
plasm.  It  has  also  been  pointed  out  that  these  nuclei  function  at 
once,  possibly  even  before  fertilization,  in  laying  down  cell  walls  on 
at  least  portions  of  the  surface  of  each  peripheral  cell.  It  is  entirely 
probable,  therefore,  that  the  periplasm  contains  some  kinoplasm,  and 
the  migration  of  nuclei  and  kinoplasm,  if  the  latter  migrates,  is  at  the 
present  time,  at  any  rate,  for  the  purpose  of  building  the  walls  of 
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the  peripheral  cells.  Such  an  explanation,  if  not  so  fundamental, 
certainly  has  the  advantage  of  being  more  in  harmony  with  the 
facts  known  at  the  present  time. 

The  chief  objection  to  Stevens’s  interpretation  of  the  cause  of 
nuclear  migration  is  based  upon  more  fundamental  grounds.  It 
calls  into  question  the  validity  of  the  general  application  of  the 
theory  itself.  Early  in  the  development  of  the  oosphere  of  Araio- 
spora,  there  is  a  distinct  accumulation  of  fine  meshed  cytoplasm  at 
its  center.  This  cytoplasm,  it  will  be  recalled,  is  finely  alveolar, 
stains  more  deeply  with  gentian  and  retains  its  general  form  until 
after  the  sperm  is  introduced.  The  only  other  portion  of  the 
oosphere  that  consists  of  fine  meshed  cytoplasm  is  the  receptive 
papilla.  Soon  after  the  sperm  is  admitted,  the  central  mass  begins 
a  radial  migration  and  can  be  traced  from  center  to  circumference. 
When  all  but  a  small  portion  has  left  the  center  and  there  is  an 
abundance  of  fine  meshed  cytoplasm  at  the  periphery,  the  oospore 
begins  laying  down  a  cell  wall.  In  other  words  this  fine  meshed 
cytoplasm  acts  precisely  as  if  it  were  kinoplasm.  It  accumulates  at 
the  center  of  the  egg  and  in  the  receptive  papilla  when  these  parts 
are  the  centers  of  activity.  After  the  sperm  nucleus  is  introduced, 
the  central  region  largely  disappears  and  fine  meshed  cytoplasm  is 
abundant  at  the  periphery  where  again  cytoplasmic  activity  is  great¬ 
est.  If  the  above  interpretation  that  the  whole  central  portion  of 
the  oosphere  is  kinoplasm,  or  active  cytoplasm,  be  correct,  it  stands 
in  direct  opposition  to  Strasburger’s  view  that  the  egg  is  poor  in 
kinoplasm  until  after  the  sperm  is  introduced.  In  this  connection 
Wilson’s  (:01)  researches  on  artificially  fertilized  eggs  of  Toxo- 
pneustes  are  of  interest.  Wilson  took  the  utmost  care  to  eliminate 
all  chances  of  normal  fertilization  and  proved  conclusivelv  both  by 
control  experiments  and  by  cytological  evidence  that  no  sperm  nuclei 
were  present.  These  artificially  fertilized  eggs  into  which  no  kino¬ 
plasm  could  have  been  introduced  from  the  male  organs,  had,  in 
many  cases,  a  great  portion  of  their  interior  filled  with  asters,  cen- 
trosomes,  etc.,  developed  from  the  ooplasm  in  response  to  a  “non- 
localized  stimulus.”  These  “  cytasters  ”  and  “  cyto-centrosomes  n 
were  also  produced  in  artificially  fertilized,  enucleated,  ooplasmic 
fragments.  To  the  writer  the  foregoing  facts  are  difficult  of  inter¬ 
pretation  in  the  Jiglit  of  any  theory  that  assumes  an  absence  of 
kinoplasm  or  active  cytoplasm  in  the  egg  previous  to  the  introduc¬ 
tion  of  the  sperm  nucleus. 
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Summary. 

The  plants  may  be  found  from  April  to  October ;  they  are  most 
abundant  in  April  and  May  when  the  oogonia  and  antheridia  are 
produced  in  great  numbers.  During  the  remainder  of  the  season, 
the  sexual  organs  ar$  rarely  found. 

The  cytoplasm  of  the  vegetative  parts  is  chiefly  confined  to  the 
region  of  the  inner  surface  of  the  cell  wall.  It  consists  of  a  con¬ 
tinuous,  and  to  some  degree  granular,  mesh  work  in  which  are 
numerous  nuclei.  The  enclosed  vacuoles  are  traversed  by  cytoplas¬ 
mic  strands. 

The  vegetative  nuclei  stain  less  deeply  and  are  probably  poorer 
in  chromatin  than  those  of  the  reproductive  organs. 

The  cytoplasm  of  the  zoosporangium  has  the  general  structure  of 
the  vegetative  plant  except  that  its  meshes  contain  more  granules 
and  in  consequence  stain  more  deeply.  It  is  never  uniformly  granu¬ 
lar  as  in  the  Saprolegniaceae. 

Contiguous  zoospores  are  separated  by  an  almost  simultaneous 
constriction  of  connecting  meshes.  Frequently,  the  original  plasma 
membrane  is  the  last  to  be  ruptured. 

The  zoospores  are  uninucleate,  coarse  meshed,  and  usually  contain 
one  or  more  vacuoles.  Within  a  few  hours,  they  secrete  a  cell  wall 
and  germinate. 

The  cytoplasm  and  nuclei  of  young  oogonium  and  parent  filament 
are  similar  in  appearance.  After  the  oogonium  is  cut  off,  its  cyto¬ 
plasm  assumes  a  more  uniform  mesh  work. 

There  are  from  thirty-five  to  fifty-five  nuclei  in  an  oogonium. 
The  average  number  for  the  larger  oogonia  is  less  than  fifty. 

The  nuclei  migrate  to  the  periphery  and  the  peripheral  vacuoles 
arise  between  them.  These  vacuoles  increase  in  size  at  the  expense 
of  others  in  the  interior. 

During  these  changes,  many  small,  isolated,  fine  meshed,  cyto¬ 
plasmic  patches  arise.  These  patches  migrate  to  the  center  of  the 
oogonium  where  they  fuse  into  one  conspicuous,  deeply  staining, 
fine  meshed  mass. 

This  differentiated  central  region  retains  its  form  until  after  the 
sperm  enters  it.  It  then  begins  to  spread  out  into  the  peripheral, 
coarse  meshed  ooplasm. 
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Before  the  periplasm  is  cut  off  from  the  ooplasm,  there  is  prob¬ 
ably  a  general  mitosis  in  both  oogonium  and  antheridium. 

The  oosphere,  when  mature,  is  uninucleate ;  a  single  sperm 
nucleus  and  some  cytoplasm  are  introduced  through  the  perforation 
made  by  the  receptive  papilla. 

The  receptive  papilla  is  a  differentiated  portion  of  the  egg  and  is, 
in  consequence,  strictly  'homologous  with  the  receptive  papillae  of 
Vaucheria  and  Oedogonium. 

No  such  structure  as  an  antheridial  tube  was  observed.  A  con¬ 
spicuous  tube  from  the  oogonial  wall  to  the  inner  margin  of  the 
peripheral  cells  is  present  but  is  entirely  of  oogonial  origin. 

At  the  time  the  ooplasm  and  periplasm  are  separated  the  latter  is 
divided  anticlinally  into  a  great  number  of  cells  which  in  surface 
view  are  hexagonal.  Each  cell  contains  at  least  one  nucleus.  Peri- 
plasmic  cell  walls  are  laid  down  on  the  outer  surfaces  of  these  cells. 
When  these  walls  are  mature  the  central  mass  is  still  well  developed. 

The  sperm  nucleus  usually  makes  a  distinct  change  of  direction  in 
its  migration.  As  the  two  nuclei  approach,  they  invariably  put  out 
beaks  on  their  anterior  surfaces.  These  beaks,  in  some  cases  at 
least,  came  in  contact.  The  two  nuclei  may  remain  pointed  until 
the  oospore  wall  is  partly  formed. 

During  the  development  of  the  oospore,  the  two  nuclei  become 
spherical,  stain  less  deeply  and  increase  greatly  in  size.  As  the 
oleagenous  globule  assumes  a  central  position,  the  nuclei  are  crowded 
to  the  periphery.  They  are  always  found  close  together  even  in  the 
oldest  oospores. 

These  are  in  all  probability  the  sexual  nuclei;  the  reasons  for  this 
conclusion  are  stated  under  the  subject  of  fertilization. 

There  are  indications  that  the  central  ooplasm  is  kinoplasmic  in 
nature.  If  this  be  true,  it  is  in  direct  opposition  to  Strasburger’s 
theory  that  the  ripe  egg  is  poor  in  kinoplasm  and  that  an  adequate 
supply  of  the  latter  is  introduced  from  the  antheridium. 

Considering  the  structure  of  the  vegetative  plant,  its  habitat  and 
asexual  method  of  reproduction,  and  the  morphology  and  cytology 
of  the  sexual  organs,  Araiospora  belongs  with  the  Peronosporineae 
but  should  be  placed  between  Pythium  and  the  Saprolegniaceae. 
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Explanation  of  Plates. 

All  drawings  were  outlined  with  the  aid  of  a  camera  lucida;  in  most  cases 
a  Bausch  and  Lomb  no.  1  eye-piece  and  T\  objective  were  used.  In  all  cases, 
however,  other  magnifications  were  employed  in  putting  in  details.  The 
figures  are  magnified  as  follows: — fig.  1,  485;  fig.  4,  1000;  fig.  22a,  1400; 
fig.  22b,  1400  ;  and  fig.  22c,  2440.  All  others  are  magnified  1290  times,  except 
the  figures  in  plate  15. 


PLATE  11. 

Fig.  1.  Portion  of  the  upper  part  of  a  young  basal  cell,  showing  arrangement 
of  nuclei  and  cytoplasm. 

Fig.  2.  Tangential  section  of  young  basal  cell  more  highly  magnified. 

Fig.  8.  Longitudinal  section  of  young  zoosporangium  showing  structure  of 
cytoplasm  and  arrangement  of  nuclei.  Its  manner  of  attachment 
is  shown  at  the  base. 

Fig.  4-6.  Method  of  zoospore  formation.  In  figures  4  and  6  there  are  no 
vacuoles  present. 

Fig.  7-8.  Zoospores. 

Fig.  9.  Young  oogonium  into  which  nuclei  are  migrating. 

Fig.  10.  Recently  formed  oogonium.  Most  of  the  nuclei  have  taken  periph¬ 
eral  positions. 
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PLATE  12. 

Fig.  11-14.  Oogonia  showing  stages  in  the  origin  of  the  differentiated  central 
ooplasm  and  the  formation  of  the  peripheral  vacuoles. 

Fig.  15.  Oogonium  showing  nuclear  division  and  the  formation  of  the  plasma 
membrane  of  oosphere  and  periplasm. 

Fig.  16.  Ripe  oosphere  cut  so  as  to  show  the  receptive  papilla,  a  portion  of 
the  fine  meshed  central  ooplasm,  and  the  coarse  meshed  periph¬ 
eral  ooplasm,  the  densely  filled  antheridium,  and  the  partially 
perforated  intervening  walls.  The  peripheral  cells  are  here  cut 
off. 
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PLATE  13. 

Fig.  17.  Longitudinal  section  of  young  antheridium  showing  nuclei  and 
cytoplasm. 

Fig.  18a.  Young  oospore  in  which  the  fine  meshed  center  is  still  well  formed. 

Two  nuclei  are  present,  the  fertilization  tube  is  open,  and  the 
antheridium  almost  empty.  Clusters  of  small  nuclei  appear  in 
the  peripheral  cells. 

Fig.  18b.  A  composite  drawing  of  figure  18a  and  the  succeeding  section 
which  shows  only  the  nuclear  beaks. 

Fig.  19.  Slightly  older  oospore  in  which  the  central  ooplasm  is  radiating  out 
to  the  periphery.  The  fertilization  tube  is  filled  with  the 
cytoplasm  which  extends  some  distance  in  toward  the  male 
nucleus.  The  female  nucleus  appears  in  the  next  section. 

Fig.  20.  The  two  sexual  nuclei  have  put  out  beaks  that  appear  in  contact. 

Fertilization  tube  and  almost  empty  antheridium  show  at  lower 
right.  The  periplasmic  walls  are  well  developed  at  this  stage. 

Fig.  21.  Another  illustration  of  pointing  sexual  nuclei.  The  central  ooplasm 
is  spreading  out  to  the  periphery. 

Fig.  22.  Other  instances  of  pointing  sexual  nuclei.  As  the  nuclei  approach, 
the  cytoplasm  usually  becomes  more  compact  between  their 
beaks,  suggesting  that  the  cytoplasm  offers  considerable  resistance. 
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PLATE  14. 

Fig.  23.  Oospore  showing  intermingling  of  coarse  and  fine  meshed  cytoplasm 
Antheridium  almost  empty  ;  evidences  of  two  degenerate  nuclei 
Fertilization  tube  and  pore  shown. 

Fig.  24.  Slightly  older  oospore.  The  large  alveolae  fewer  and  larger.  These 
are  probably  filled  during  life  with  oleagenous  food  substances. 

Fig.  25.  Oospore  with  thin  wall  formed  on  inside  of  periplasmic  wall.  The 
nuclei  still  pointed.  Partially  dissolved  oleagenous  substances 
present  in  the  large  alveolae. 

Fig.  26-27.  Thicker  walled,  older  oospores  that  contain  nuclei  which  have 
beaks. 

Fig.  28.  Binucleate  oospore  with  a  conspicuous  wall.  These  nuclei  are  close 
together  but  distinct. 

Fig.  29.  Binucleate  old  oospore  cut  tangentially.  The  nuclei  here,  too,  are 
apparently  in  contact.  A  large  globule  occupies  the  center  of 
this  oospore. 

Fig.  30.  Binucleate,  thick  walled  oospore  showing  sharply  the  two  walls. 
There  is  no  central  globule  and  the  nuclei  are  not  in  contact. 

Fig.  31.  Binucleate  old  oospore  showing  conspicuous  central  globule.  The 
other  nucleus  appears  in  the  next  section. 
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PLATE  15. 

The  figures  are  from  photomicrographs  taken  with  a  Bausch  and  Lomb  1 

inch  eye-piece  and  objective. 

Fig.  32.  Represents  the  same  section  as  figure  16  and  shows  the  origin  of  the 
fertilization  tube  and  the  receptive  papilla  in  the  act  of  per¬ 
forating  the  separating  walls.  A  peripheral  cell  is  in  dim  focus 
at  the  left  of  the  receptive  papilla.  Magnification,  700. 

Fig.  33.  Ripe  oosphere  showing  the  egg  nucleus  and  the  size  and  general 
appearance  of  the  differentiated  central  ooplasm.  Magnification, 
800. 

Fig.  34-35.  Represent  the  sections  drawn  in  figures  20  and  21  respectively. 

The  empty  antheridium  almost  out  of  focus  shows  dimly  in  fig¬ 
ure  34.  Both  represent  the  pointing  nuclei.  Magnification,  600 
and  618. 

Fig.  36.  Corresponds  to  figure  24.  The  fine  meshed  central  ooplasm  has 
spread  out  into  the  oospore  and  has  reached  the  periphery.  There 
are  no  indications  of  an  oospore  wall.  Magnification,  670. 

Fig.  37.  Thicker  walled  binucleated  oospore  representing  a  stage  between 
those  shown  in  figures  27  and  28.  The  nuclei  are  close  together 
and  have  increased  greatly  in  size.  Magnification,  840. 
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No.  6. — CONTRIBUTIONS  FROM  THE  GRAY,  HERBA¬ 
RIUM  OF  HARVARD  UNIVERSITY. 

NEW  SERIES.— No.  27. 

BY  B.  L.  ROBINSON. 

1.  Diagnoses  and  Synonymy  of  some  Mexican  and  Central 

American  Eupatoriums. 

Eupatorium  Angosturae,  Polak.,  Lirmaea,  xli,  575  (1877),  has 
been  recently  examined  by  Dr.  J.  M.  Greenman,  who  has  found  that 
the  type,  preserved  in  the  Royal  botanical  museum  at  Berlin,  is 
Erechtites  v alerianae folia,  DC. 

E.  argutum,  HBK.,  Nov.  gen.  et  spec.,  iv,  121  (1820),  accord¬ 
ing  to  Dr.  Greenman,  who  has  examined  authentic  material  of  this 
species  in  the  Willdenow  herbarium,  is  Eleischmannia  rhodostylis , 
Sell.  Bip. 

E.  Braunii,  Polak.,  1.  c.,  576,  is  similarly,  according  to  Dr.  Green¬ 
man,  a  species  of  Baccharis ,  probably  B .  speoiosa ,  DC. 

E.  campy locladum,  spec.  nov.  Frutex  ramosissimus,  rarnis 
oppositis  articulatis  Hexuosis  a  cortice  fuscescenti  vel  nigrescenti 
tectis  apice  solum  foliatis ;  foliis  oppositis  parvis  petiolatis  ovatis  vel 
bre viter  ovato-oblongis  serratis  obtusis  mucronulatis  glabris  viridi- 
bus  subconcoloribus  vernicoso-viscosis  lucidis  basi  rotundatis  vel 
subcordatis  integris  trinervatis  leviter  venuloso-reticulatis  1.5-2  cm. 
longis,  1.2-1. 8  cm.  latis,  petiolo  6-8  mm.  longo ;  capitulis  paucis  in 
thyrsis  foliosis  congestis,  bracteis  lanceolatis  acutis  sessilibus  plus 
minusve  glanduloso-puberulis,  pedicellis  teretibus  viridibus  copiose 
glanduloso-puberulis  4  mm.  longis,  involucri  squamis  circa  14  sub- 
aequalibus  7-9  mm.  longis  iineari-oblongis  dorso  glanduloso- 
puberulis  3-4-nervatis  viridibus  apice  attenuatis ;  flosculis  circa 
20,  corolla  alba  glanduloso-granulata  7  mm.  longa  angustissima 
tubulosa  in  fauces  perangustas  leviter  ampliata,  dentibus  perbrev- 
ibus;  achaenio  immaturo  gracili  4  mm.  longo  pubescenti,  setis  pappi 
22-30  albis  sursum  scabridis  8  mm.  longis. —  Mexico:  at  General 
Cepeda,  Coahuila,  20  April,  1902,  E.  W.  Nelson,  no.  6735  (hb.  Gr. 
and  hb.  U.  S.  nat.  mus.) . 
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A  striking  and  well  marked  species  most  nearly  related  to  E . 
my gindaef olium ,  Gray,  and  having  similar  flexuous  many-jointed 
branches,  glabrous  vernicose  leaves,  and  few  rather  large  heads.  It 
differs,  however,  strongly  in  leaf-contour,  as  well  as  in  the  puberu- 
lence  and  somewhat  also  in  the  texture  of  the  involucre. 

E.  chlorophyllum,  Klatt,  Bull.  soc.  bot.  Belg.,  xxxi,  pt.  1,  187 
(1892),  scarcely  differs  from  E.  badium,  Klatt,  l.  c.,  186,  and  should, 
I  believe,  be  reduced  to  it.  The  chief  distinction  indicated  by  Dr. 
Klatt  is  the  greater  length  of  the  involucral  scales ;  but  as  these  are 
from  5  to  6  mm.  long  in  the  type  specimens  of  E.  badium  and  do 
not  exceed  6  to  6.5  mm.  in  the  type  of  E.  chlorophyllum ,  this  dif¬ 
ference  is  certainly  insufficient  to  distinguish  a  species. 

E.  chrysocephalum,  Klatt,  Bot.  Beiblatt  z.  Leopoldina,  1895, 
2,  and  E.  Valverdianum,  Klatt,  Bull.  soc.  bot.  Belg.,  xxxi,  pt.  1, 
188  (1892),  are  both  JSFeurolaena  lobata,  R.  Br. 

E.  collinum,  DC.,  Prodr.,  v,  164  (1836).  Add  synonym  E. 
plectranthif olium,  Klatt,  Bull.  soc.  bot.  Belg.,  xxxi,  pt.  1,  193 
(1892),  not  Benth. 

E.  erythropappum,  spec.  nov.  Lignescens  ramosum,  ramulis 
subteretibus  arcuatis  striatis  fuscis  minutissime  glanduloso-pulveru- 
lentis ;  foliis  oppositis  petiolatis  anguste  obovatis  obtusis  vel  acutius- 
culis  integerrimis  vel  pauce  obscureque  dentatis  basi  acutis  6-8  cm. 
longis,  2. 5-3. 5  cm.  latis  undique  glabris  supra  laete  viridibus  sub- 
lucidis  subtus  paulo  pallidioribus  punctatis ;  petiolo  5-8  mm.  longo 
supra  canaliculato  puberulo ;  corymbis  terminalibus  convexis  poly- 
cephalis  oppositirameis  glanduloso-puberulis,  bracteis  inferioribus 
lanceolatis,  superioribus  anguste  linearibus  patentibus,  pedicellis 
gracilibus  4-12  mm.  longis;  capitulis  8-floris  1  cm.  altis,  involucri 
squamis  circa  8  subaequalibus  oblongis  acutis  ciliatis  4  mm.  longis 
purpurascentibus ;  corollis  albis  5-6  mm.  longis,  tubo  proprio  brevi 
gracili,  faucibus  longis  ampliatis,  limbo  5-dentato  plus  minusve 
puberulo,  dentibus  ovato-deltoideis ;  achaeniis  3  mm.  longis,  nigris 
argute  prismaticis  hispidulis ;  pappi  setis  circa  40  sursum  hispidulis 
conspicue  roseis. —  Mexico :  Alvares,  San  Luis  Potosi,  28  Septem¬ 
ber  to  3  October,  1902,  Dr.  Edw.  Palmer,  no.  200  (type  in  hb. 
Gr.). 

This  species  is  obviously  related  to  E.  micranthum ,  Less.  The 
leaves,  however,  are  subcoriaceous,  more  obtuse  and  at  the  base  they 
show  no  tendency  to  the  crisping  which  seems  always  to  be  present 
in  E.  micranthum . 
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E.  fistulosum,  spec.  nov.  Robustum  2-3  m.  altum,  caule  tereti 
fistuloso,  in  parte  juvenili  tomentello,  aetate  griseo-puberulo,  inter- 
nodiis  longis ;  foliis  oppositis  magnis  orbicularibus  cordatis  cum  sinu 
patente  latoque  leviter  3-12-lobatis  acute  dentatis  3-9-palmato- 
nervatis  1.5  dm.  diametro  supra  pubentibus  scabriusculisque  subtus 
in  venis  reticulatis  tomentosis  maturitate  nec  translucidis  nec  punc- 
tatis,  petiolo  tomentoso  1  dm.  longo  ;  capitulis  1  cm.  longis  4-5- 
floris  numerosissimis  pedicellatis  in  panicula  ampla  oppositiramea 
rotundato-corymbosa  dispositis,  involucro  elongato  tereti,  squamulis 
valde  inaequalibus  et  pluriseriatim  imbricatis  obtusis  ciliatis,  exterior- 
ibus  apice  pubescentibus ;  corollis  azureis  9  mm.  longis  glabris,  tubo 
tenui  in  fauces  latiores  sensim  ampliato  ;  acbaeniis  glabris  lucidis  ad 
basim  attenuatis  3.5  mm.  longis,  pappi  setis  30-40  simplicibus  luteis 
lucidis.  —  Costa  Rica :  in  forests  of  La  Palma  toward  the  Pacific, 
alt.  1550  m.,  September,  1896,  H.  Pittier ,  no.  10,167  ;  borders  of 
pastures  at  La  Palma,  alt.  1459  m.,  25  October,  1898,  Ad.  Tonduz , 
no.  12,505  (type  in  hb.  Gr.). 

A  species  remarkable  for  its  Cacaliadike  foliage. 

E.  hebebotryum,  Klatt,  Bull.  soc.  bot.  Belg.,  xxxv,  280  (1896), 
as  far  as  it  relates  to  no.  7523,  and  E.  hebebotryum,  Coult.,  in 
J.  D.  Smith,  Enum.  pi.  Guat.,  iv,  74  (1895),  as  to  no.  6339,  are  E. 
popidifolium,  IIBK.,  Nov.  gen.  et  spec.,  iv,  111  (1820). 

E.  hylobium,  spec.  nov.  Lignosum,  ramis  subteretibus  flexuosis 
per  lenticellas  prominulas  bullato-scabris  glabris,  ramulis  inflores- 
centiae  puberuhs  vel  tomentellis ;  foliis  oppositis  ovatis  petiolatis 
tenuibus  attenuatis  acuminatis  7  cm.  longis,  3.5  cm.  latis,  supra 
glabris  viridibus  subtus  vix  pallidioribus  pinnatinervatis  in  nerviis  et 
venis  maximis  puberulis  vel  tomentellis,  margine  argute  serrulato, 
dentibus  angustissimis  divergentibus ;  pedicellis  gracilibus  flexuosis, 
bracteolis  filiformibus,  capitulis  circa  14-fioribus  7  mm.  altis  in  pan- 
iculo  rotundato  oppositirameo  dispositis,  involucri  squamulis  pubes¬ 
centibus  valde  inaequalibus,  exterioribus  brevibus  lanceolato-linear- 
ibus  attenuatis,  interioribus  multo  longioribus  oblongo-linearibus 
obtusiusculis,  receptaculo  glabro ;  corollis  4.5  mm.  longis  a  tubo  pro- 
prio  gracili  in  fauces  longiores  gradatim  ampliatis  glabris,  dentibus 
5  perbrevibus  minutissime  puberulis  ;  styli  ramis  perlongis  filiformis, 
achaeniis  atrofuscis  glabris  prismaticis,  pappi  setis  circa  18  albis 
scabridis  3.2  mm.  longis.  —  Mexico:  mountain  woods  between  San 
Martin  and  Ococingo,  Chiapas,  C.  and  E.  Seler ,  13  March,  1896, 
no.  2170  (type  in  hb.  Gr.) . 
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Distributed  as  E.  perornatum ,  Klatt,  Leopoldina,  xx,  90  (1884), 
a  species  nearly  related  but  differing  in  several  points,  among  them 
the  different- serration  of  the  leaves  and  the  hairy  receptacle. 

E  hylonomum,  spec.  nov.  Arborescens,  ramulis  gracilibus  stri- 
atis  subteretibus  brevissime  tomentellis  vel  puberulis  pilis  sordidis 
incurvatis;  foliis  oppositis  oblongis  14-16  cm.  longis,  5-6  cm.  latis 
leviter  serratis  vel  subintegris  penninervatis  nigrescentibus  tenuiter 
reticulatis  glabris  supra  sublucidis  subtus  nigro-punctatis  obscure  et 
crebre  pellucido-punctatis  basi  acutis  apice  longe  caudato-acuminatis 
saepe  falcatis,  petiolo  exalato  subtereti  puberulo  supra  canaliculato 
circa  8  mm.  longo  ;  panicula  ampla  pyramidata  polycephala  sordido- 
tomentella  oppositiramea,  ramis  patentibus;  capitulis  circa  7-floris 
perparvis  numerosis  in  glomerulis  subglobosis  plus  minusve  aggre- 
gatis,  involucri  squamis  circa  9  valde  inaequalibus  imbricatis  exteri- 
oribus  perbrevibus  ovatis  acutiusculis  puberulis  interioribus  late 
oblongis  subacutis  subglabris  1.8  mm.  longis  ;  corollis  glabris  2  mm. 
longis,  faucibus  ampliatis  quam  tubus  proprior  perbrevis  ter  longior- 
ibus;  achaeniis  fuscis  deorsum  attenuatis  1.3  mm.  longis  puberulis. — 
Costa  Rica:  a  small  tree  in  woods  at  Las  Vueltas,  Tucurrique,  alt. 
650  to  700  m.,  December,  1898,  Ad.  Tonduz ,  no.  12,882  (type  in 
hb.  Gr.). 

This  species  is  clearly  related  to  E.  Pittieri ,  Klatt,  which  is  also 
a  Costa  Rican  plant  of  treedike  growth.  In  E.  hylonomum ,  how¬ 
ever,  the  leaves  are  longer,  thinner,  and  much  less  sharply  serrate- 
dentate  ;  the  inflorescence  is  quite  different  in  appearance,  the 
heads  being  arranged  in  subglobose  clusters.  The  heads  as  well  as 
the  individual  flowers  are  also  much  smaller,  scarcely  more  than 
half  as  large  as  in  E.  Pittieri. 

E.  hypodictyon,  spec.  nov.  Lignosum,  ramis  teretibus  griseo- 
purpureis  glabris,  lenticellis  parvis  oblongis  sparsis ;  foliis  oppositis 
petiolatis  firmis  late  ovatis  acuminatis  5-9  cm.  longis,  4-6  cm.  latis 
leviter  crenato-dentatis  supra  viridibus  leviter  reticulato-venosis 
obscure  granulato-puberulis  subtus  vix  pallidioribus  valde  reticulato- 
venosis  in  nerviis  fulvo-tomentosis  pinnatinervatis,  petiolis  1-2  cm. 
longis  pubescentibus,  pedicellis  5-12  mm.  longis  rigidiusculis  tomen¬ 
tellis  ;  inflorescentia  cymoso-corymbosa  sordide  pubescenti  1.6  dm. 
lata  convexa,  bracteis  foliaceis  gradatim  reductis  ovatis  petiolatis  ; 
capitulis  numerosis  1  cm.  altis,  involucri  ovoidei  squarnulis  3-4-seri- 
atim  arete  imbricatis  pubescentibus  sordide  fusco-viridibus  obtusis, 


ROBINSON:  CONTRIBUTIONS  FROM  GRAY  HERBARIUM.  251 


floribus  circa  25  involucro  multo  superantibus  ;  corollis  (verisirailiter 
albidis)  5  mui.  longis  anguste  tubulosis  sine  faucibus  ampliatis,  limbo 
dentibus  5  brevibus  patentibus  consistente  ;  achaeniis  nigris  glabris 
3  mm.  longis  basi  plus  minusve  attenuatis,  pappi  setis  circa  15  flaves- 
centibus. —  Guatemala:  near  Nenton,  alt.  900  to  1200  m.,  E.  IF. 
Nelson ,  17  December,  1895,  no.  3517  (type  in  hb.  Gr.). 

Of  the  affinity  of  E.  collimim,  DC.,  and  E.  Neaeanum ,  DC.,  but 
readily  distinguished  from  them  by  the  pinnately  nerved  and  strongly 
reticulate-veiny  leaves  of  rounder  contour.  The  type  was  distrib¬ 
uted  as  E.  plectranthifolium . 

E.  mygindaefolium,  Gray,  Proc.  Am.  acad.,  xvi,  101  (1881). 
Add  synonym  Bigeloma  oppositifolia ,  Gray,  Proc.  Am.  acad.,  xv, 
32  (1880).  The  identity  of  these  species  seems  to  be  perfect. 

E.  laurifolium,  spec.  nov.  Lignosum  vel  lignescens  alte  scan- 
dens,  ramis  gracilibus  striatis  obscure  angulatis  glabrescentibus  virid- 
ibus  lenticellis  parvis  sparsis  scabridis;  foliis  oppositis  ovalibus 
obscure  undulato-dentatis  vel  integris  utrinque  glabris  minute  retic- 
ulato-rugulosis  et  obscure  pellucido-punctatis  circa  12  cm.  longis, 
5  cm.  latis  apice  cau  lato-acuminatis  basi  acutis,  nerviis  5,  duabus 
nerviis  exterioribus  prope  basi  orientibus  mediam  partem  folii  non 
attingentibus  duabus  nerviis  lateralibus  interioribus  supra  basim 
orientibus  validioribus  fere  ad  apicem  percurrentibus,  petiolis  graci¬ 
libus  supra  canaliculatis  1.5  cm.  longis;  capitulis  in  panicula  pedun- 
culata  oppositiramea  sordide  pubescenti  bracteata  dispositis,  involucri 
squamulis  rigidiusculis  circa  4-seriatim  imbricatis  ovali-oblongis  valde 
striatis  concavis  praeter  marginem  ciliatum  glabris;  corollis  5  mm. 
longis  anguste  tubulosis  sine  faucibus  conspicuis,  limbi  dentibus  5 
angustis  lanceolatis  acutiusculis  ;  achaeniis  immaturis  2  mm.  longis 
pubescentibus,  pappi  setis  circa  35  sordide  flavescentibus  simplici- 
bus  laevibus  5— 6  mm.  longis. —  Costa  Rica:  on  hills  near  the  Rio 
Cliirripo,  January,  1900,  II.  Pittier ,  no.  16,065  (type  specimens  in 
hb.  Gr.  and  hb.  Inst,  fisico-geograf.  San  Jose,  Costa  Rica). 

This  species  is  obviously  related  to  E.  p opuli folium,  but  it  is 
clearly  distinct  from  that  species,  differing  in  both  the  form  and 
nervation  of  the  leaves  as  well  as  in  minor  particulars. 

E.  nemoeosum,  Klatt,  in  Engl.  Jahrb.,  viii,  35  (1887).  To  the 
description  of  this  very  distinct  species  of  Klatt  the  following  sup¬ 
plementary  characters  may  be  added: — Caule  atropurpureo  breviter 
glanduloso-pubescenti  internodiis  perlongis  ;  foliis  penninervatis  cau- 
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dato-acuminatis  pubescentibus  subtus  paulo  pallidioribus  ;  capitulis 
1.5  cm.  diametro  numerosis  in  panicula  composita  nutantibus  invo- 
lucri  squamulis  viridibus  laxe  imbricatis,  exterioribus  herbaceis  tomen- 
tosis  valde  brevioribus,  interioribus  pallidioribus  subglabris  6  mm. 
longis ;  floribus  pergracillibus ;  corolla  glabra  pallide  viridi-flaves- 
centi  anguste  tubulosa  nec  ampliata,  limbi  dentibus  3-4  brevissimis 
erectis ;  pappi  setis  circa  16  tenuissimis  albis  et  lucidis  corollae 
aequantibus;  achaeniis  glabris  columnaribus  nigrescentibus  1.4  mm. 
longis. 

This  species  originally  described  from  Colombian  material  has  been 
rediscovered  in  marshy  places  of  La  Palma,  Costa  Rica,  24  August, 
1898,  by  Ad.  Tonduz ,  no.  12,490. 

E.  plectranthifolium,  Benth.,  Vidensk.  meddel.,  1852,  p.  76. 
This  species  has  been  so  poorly  understood  that  it  seems  worth 
while  to  give  it  here  a  new  and  somewhat  more  detailed  description. 
The  characterization  below  has  been  drawn  from  specimens  col¬ 
lected  by  Prof.  H.  Pittier  and  carefully  compared  with  a  detailed 
drawing  and  fragments  of  the  original  plants  of  Oersted  for  which  I 
am  indebted  to  the  kindness  and  generosity  of  Sir  W.  T.  Thiselton- 
Dyer,  the  director  of  the  Royal  gardens  at  Kew.  Concerning  the 
exact  identity  of  the  plants  of  Oersted  and  Pittier  there  can  be  no 
doubt.  Although  the  scales  of  the  involucre  are  in  several  ranks 
this  species  certainly  does  not  belong  to  the  Cylindrocephala  ( E \ 
odoratum ,  etc.)  to  which  it  was  by  Bentham  unfortunately  referred. 
—  Ramosum,  ramis  teretibus  striatis  juventate  tomentellis  demum 
glabratis ;  foliis  oppositis  ovatis  cordatis  vel  subcordatis  acute  acu- 
minatis  crenato-serrulatis  basi  ad  apicem  tenuibus  membranaceis 
inter  venis  translucentibus  7-nervatis,  8—11  cm.  longis,  5—7  cm.  latis, 
supra  pubescentiae  sparsis  vestigiis  tectis  subtus  in  venis  reticulatis 
tomentellis,  petiolo  tenui  tomentoso  flexuoso  3-7  cm.  longo;  capit¬ 
ulis  parvis  4—5  mm.  longis  numerosis  30— 40-tloris  brevipedicellatis 
paniculam  oppositirameam  densam  folioso-bracteatam  rotundato-co- 
rymbosam  formantibus ;  involucri  squamulis  ovato-lanceolatis  vel 
lanceolati-linearibus  acutis  vel  breviter  acuminatis  valde  inaequalibus 
pluriseriatim  imbricatis,  exterioribus  brevibus  tomentellis.  interiori¬ 
bus  longioribus  3-5-striatis  apice  tomentellis ;  corollis  tenuibus  3 
mm.  longis  glabris  parte  suprema  tomentella  excepta,  in  fauces  parum 
ampliatis  ;  achaeniis  brevibus  glabris.  —  E.  subcordatum ,  Klatt,  Bull, 
soc.  bot.  Belg.,  xxxi,  pt.  1,  194  (1892)  partly  (as  to  no.  778),  not 


ROBINSON:  CONTRIBUTIONS  FROM  GRAY  HERBARIUM.  253 


Bentli.  —  Costa  Rica:  at  the  foot  of  Carrizal,  “massif”  of  Barba, 
alt.  1600  m.,  January,  1889,  II.  Pittier ,  no.  778. 

E.  pratense,  Klatt,  Bull.  soc.  bot.  Belg.,  xxxi,  pt.  1,  193  (1892), 
is  scarcely  to  be  distinguished  from  E.  pycnocephalum ,  Less.,  an 
annual  and  very  variable  weed.  E.  pratense  appears  to  represent 
merely  a  trilling  variation  with  more  copious  pubescence  and  some¬ 
what  shorter  petioles  than  usual  in  the  species. 

E.  prunellaefolium,  HBK.,  Nov.  gen.  et  spec.,  iv,  123  (1820). 
Some  authentic  fragments  of  this  hitherto  little  understood  Mexican 
species  were  kindly  sent  from  the  Royal  botanical  museum  in  Ber¬ 
lin  for  deposit  in  the  Gray  herbarium.  These  show  the  plant  to  be 
exactly  what  has  later  been  redescribed  as  E.  Saltivarii,  Sch.  Bip. 
(see  Robinson  &  Seaton,  Proc.  Am.  acad.,  xxviii,  108,  1893),  and 
E.  abronium ,  Klatt,  Ann.  k.  k.  naturh.  Hofmus.  Vienna,  ix,  355 
(1894).  The  species  has  somewhat  peculiar  corollas  with  very  slen¬ 
der  proper  tube  and  suddenly  expanded  relatively  broad  cup-shaped 
throat,  which  especially  near  the  limb  is  covered  with  loose  pubes¬ 
cence.  To  this  species  I  would  refer  Schaffner’s  no.  298,  Bour- 
geau’s  no.  818,  and  Pringle’s  no.  4286,  all  from  the  state  of  Mexico ; 
also  Pringle’s  no.  5699  from  the  mountains  of  Oaxaca,  and  his  no. 
7609  from  Hidalgo. 

E.  psoraleum,  spec.  nov.  Lignosum,  ramis  teretibus  glabris, 
ramulis  leviter  6-angularibus  striatis  squamulis  minutis  transversis 
tectis ;  foliis  oppositis  late  lanceolatis  integerrimis  pinnatim  nervatis 
utrinque  glabris  utroque  acuminatis  4-9  cm.  longis,  1.4-3  cm.  latis, 
petiolo  glabro  0.7-1. 5  cm.  longo ;  capitulis  5-floris  breviter  pedicel- 
latis  paniculam  patente  ramosam  formantibus,  bracteis  lanceolato- 
linearibus  parvis,  involucri  squamulis  scariosis  stramineis  vel  saepe 
roseis  margine  ciliolatis  praeterea  glabris  tenuiter  striatis  valde 
inaequalibus  3-4-seriatim  imbricatis,  exterioribus  perbrevibus  ovatis, 
interioribus  ovato-oblongis  obtusis  apice  paulo  ampliatis ;  corollis 
glabris  4-5  mm.  longis  roseis,  tubo  gracili  2-3  mm.  longo,  faucibus 
valde  sed  gradatim  ampliatis  limbo  5-partito  paulo  longioribus ; 
achaeniis  olivaceis  glabris  basi  tenuiter  attenuatis  2  mm.  longis 
pappo  simplice  sordido  corollae  superante  coronatis. —  Costa  Rica: 
as  a  “false  epiphyte”  on  a  tree  at  La  Palma,  alt.  1459  m.,  Septem¬ 
ber,  1898,  Ad.  Tondnz ,  no.  12,589  (type  in  hb.  Inst,  fisico-geograf. 
San  Jos6,  Costa  Rica,  fragments  and  tracing  in  hb.  Gr.) . 

This  species  considerably  resembles  E.  daleoides ,  Hemsl.,  but 
differs  in  its  scaly  branchlets  and  in  other  ways. 
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E.  quinquesetum,  Benth.,  \  idensk.  meddel.,  1852,  79,  according 
to  the  oi  iginal  description  would  appear  to  be  Fleischmannia  rhodo- 
stylis ,  Sell.  Bip. 

E.  silvicola,  spec.  nov.  Fruticosum,  ramulis  sordido-tomentosis 
ad  nodos  compressis ;  foliis  oppositis  magnis  ovatis  serratis  vel 
subintegris  acuminatis  basi  obtusis  tenuibus  viridibus  glabrisque 
sed  in  nerviis  subpinnatis  et  venis  principalibus  sordido-tomentosis 
1.2-1. 7  din.  longis,  8-12  cm.  latis  venulis  translucentibus,  petiolo 
sordido-tomentoso  3-7  cm.  longo ;  capitulis  pedicellatis  7-10-floris 
7  mm.  longis  in  panicula  composita  oppositiramea  folioso-bracteata 
dispositis,  involucri  squamulis  circa  3-seriatim  imbricatis  valde 
inaequalibus,  exterioribus  brevibus  ovatis  acutiusculis  viscidis  tomen- 
tosis  intermediis  interioribusque  lanceolato-linearibus  acutis  sub- 
scariosis  viridi-striatis  glabris  vel  glabriusculis;  corollis  glabris  gra- 
datim  a  basi  ad  apicern  ampliatis  5  mm.  longis  (immaturis),  limbo 
5-dentato  erecto ;  stylis  filiformi-clavellatis  perlongis,  achaeniis  parce 
glandulosis. —  Costa  Rica:  in  the  forest  of  Copey,  alt.  1800  m.,  Ad. 
Tonduz ,  nos.  11,694,  11,848,  and  12,203. 


2.  Synopsis  of  the  Mikanias  of  Costa  Rica. 

Mikania,  Willd.,  Spec,  pi.,  iii,  1742  (1804);  DC.,  Prodr.,  v,  187,  vii, 
270;  Benth.  &  Hook,  f.,  Gen.  pi.,  ii,  246;  Hemsl.,  Biol.  Cent.- Am., 
Bot.,  ii,  102 ;  Hoffm.  in  Engl.  &  Prantl,  Nat.  Pflanzenf.,  iv,  Ab.  5, 
140;  Robinson  &  Greenman,  Proc.  Am.  acad.,  xxxii,  10.  Willug- 
baeya ,  Neck.,  Elem.,  i,  82.  Corynanthelium ,  Kunze,  Linnaea,  xx, 
19. —  Capitula  homogama  discoidea  4-flora;  squamulae  involucri  4 
aequales.  Styli  rami  elongati  leviter  clavellati.  Antherae  apice 
appendiculatae  basi  muticae. —  Herbae  vel  frutices  scandentes  foliis 
oppositis  dentatis  vel  integris  saepius  cordatis  vel  hastatis. 

*  Capitula  evidenter  racemosa  vel  spicata  in  paniculis  ramosis  disposita 

-i-  Capitula  sessilia. 

1.  M.  kogotensis,  Benth.,  PI.  Hartw.,  201  (1845).  Species 
forma  corollae  facile  recognoscenda ;  foliis  tenuibus  subhastato- 
cordatis;  corollis  3  mm.  longis  valde  exsertis  glabris  tubo  per- 
gracile  elongato  per  fauces  subnullos  in  limbum  latum  profunditer 
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5-lobatum  abrupte  dilatatis. —  Palmares  del  General,  valley  of  the 
Diquis,  alt.  600  m.,  9  January,  1898,  II.  Pittier ,  no.  12,030. 

The  identification  of  this  species  has  been  obligingly  verified  by 
Dr.  Otto  Stapf  at  the  Royal  gardens  of  Kew. 

2.  M.  riparia,  Greenman,  spec.  nov.  “  Scandens,  caule  tereti 
striato  glabro  rubro-brunneo  internodiis  etiam  ad  24  cm.  longis ; 
foliis  oppositis  petiolatis  caudato-attenuatis  apice  acutis  ultra  mediam 
integerrimis  basi  saepe  grosse  dentibus  paucis  undulato-dentatis 
hastatis  et  sinu  lato  cordatis  utrinque  glabris ;  capitulis  circa 
7  mm.  altis  basi  1-2-bracteolatis  spicato-racemosis  in  paniculis 
pyramidatis  dispositis,  involucri  squamulis  anguste  oblongis  aliquid 
oblanceolatis  acutiusculis  vel  obtusiusculis  saepe  plus  minusve  erosis 
glabris  vel  prope  apicem  inconspicue  puberulis ;  pappi  setis  pallide 
rufo-brunneis,  achaeniis  glabris. —  Thickets  on  the  banks  of  the  Rio 
Las  Vueltas,  Tucurrique,  alt.  635  m.,  January,  1899,  Ad.  Tonduz , 
no.  13,163  (type  in  hb.  Gr.). 

This  species  is  most  nearly  related  to  M.  hastata,  Willd.,  and 
M.  bogotensis ,  Bentli.  From  the- former  it  differs  in  having  larger 
leaves,  denser  panicles,  and  longer  heads  ;  from  the  latter  in  the 
more  decidedly  hastate  leaves,  longer  and  more  oblong  involucral 
scales,  flowers  fully  a  third  longer,  and  finally  in  the  brownish,  less 
red  pappus.” 

3.  M.  leiostacbya,  Benth.,  PI.  Hartw.,  201  (1845);  Hemsl.,. 
1.  c.,  103;  Robinson  &  Greenman,  l.  c.,  12  ;  J.  D.  Smith,  Enum.  pi. 
Guat.,  v,  41. —  Species  foliis  subcoriaceis  reticulatis  ovatis  integerri¬ 
mis. —  Suerre,  Llanuras  de  Santa  Clara,  alt.  300  m.,  J.  I).  Smith, 
no.  6616. 

-t-  -t-  Capitula  pedicellata. 

4.  M.  Houstonis,  Willd.,  Spec,  pi.,  iii,  1742  (1804);  DC.,. 
Prodr.,  v,  190. —  In  woods,  Shirores  (Talamanca),  alt.  100  m.,  Ad. 
Tonduz ,  no.  9316. 

*  *  Capitula  in  panicula  thyrsoidea  densa  vel  e  glomerulis  numerosis  plus 

minusve  globosis  composita  sessilia. 

—  Achaeniuin  corolla  longius. 

5.  M.  Pittieri,  spec.  nov.  Paniculis  exceptis  glaberrima,  ramis 
teretibus  curvatis;  foliis  ovatis  integerrimis  longe  caudato-acumi- 
natis  basi  rotundatis  subcoriaceis  7  cm.  longis,  3  cm.  latis  subtus 
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leviter  reticulatis  costis  lateralibus  2-jugis  jugo  uno  basi  folii  arete 
approximate  altero  plus  minusve  remoto ;  capitulis  numerosis  sessili- 
bus  in  ramulis  puberulis  paniculae  densae  thyrsoideae  brevibus, 
involucri  squamulis  anguste  oblongis  apice  tenuibus  et  leviter 
dilatatis  obtusiusculis  subglabris  5—6  mm.  longis ;  tubo  eorollae 
faucibus  late  campanulatis  parum  aequante,  limbo  breviter  5-dentato 
suberecto ;  achaeniis  prismaticis  glabris  4  mm.  longis  eorollae  longi- 
tudine  superantibus. —  Cuesta  de  los  Borucas,  January,  1897,  H. 
Pittier ,  no.  10,540. 

+—  Achaenium  corolla  multo  brevius. 

6.  M.  Tonduzii,  spee.  nov.  Subglabrata,  ramis  teretibus  fistulo- 
sis,  internodiis  longis ;  foliis  ovatis  integris  cordatis  acuminatis 
crassiusculis  14  cm.  longis,  9  cm.  latis  supra  glabris  lucidis  in 
specimine  siccato  ruguloso-reticulatis  subtus  pallidioribus  tenuiter 
pubescentibus  conspicue  reticulatis  a  basi  7-costatis,  petiolis  flexuosis 
verisimiliter  prehensilibus ;  paniculis  ovoideis  vel  subcylindricis 
densis  thyrsoideis  8-12  cm.  longis  7  cm.  diametro  pedunculo 
crasso  subaequilongis,  capitulis  in  apicibus  ramulorum  pubescen- 
tium  sessilibus  et  glomerulas  subcongestas  formantibus,  involucri 
squamulis  oblongis  extus  griseo-tomentosis  apice  obtusissimis  rotunda- 
tis  3  mm.  longis ;  corolla  glabra  tubulosa  5  mm.  longa  sensim 
leviterque  ampliata  sine  faucibus  evidentibus,  lijnbo  breviter  dentato 
erecto ;  achaenio  glabro  olivaceo  columnari  2  mm.  longo,  pappi  setis 
fuscescentibus  eorollae  fere  aequantibus. —  In  woods,  Tucurrique, 
February,  1899,  alt.  635  m.,  Ad.  Tonduz,  no.  13,274. 

M.  globosa,  Coult.,  Bot.  gaz.,  xx,  46  (1895)  ( T Villugbaeya 
globosa ,  Coult.,  1.  c.),  is  a  species  liabitally  similar  found  in  Guate¬ 
mala.  It  differs  in  the  structure  of  the  involucre  and  in  having 
the  leaves  rounded,  not  cordate  at  the  base.  It  may  well  occur 
also  in  Costa  Rica. 

7.  M.  punctata,  Ivlatt,  Bull.  soc.  bot.  Belg.,  xxxi,  pt.  1,  195 
(1892);  Robinson  &  Greenman,  Z.  c.,  13.  Corolla  in  fauces  ampli- 
atas  et  tubum  gracile  proprius  evidenter  differentiata ;  foliis  late 
ovatis  cordatis  cum  lobis  vel  angulis  salientibus  duabus  lateralibus 
acuminatis.  —  Clearings  of  General,  alt.  600  m.,  II.  Pittier ,  no.  3434; 
on  the  banks  of  a  small  stream,  Buenos  Aires  (Costa  Rica),  II.  Pit- 
tier,  no.  4934;  woods,  Shirores  (Talamanca),  alt.  about  100  m.,  Ad. 
Tonduz ,  no.  9312;  Boca  de  Zhorquin,  Ad.  Tonduz ,  no.  8524;  also 
near  Chicharras,  alt.  2700  in.,  E.  W.  Nelson,  no.  3805. 
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*  *  *  Capitula  plus  minusve  pedicellata  in  panicnla  cymosa  vel  eorymbosa  vel 
(in  M.  hirsutissima)  obscure  racemosa  disposita. 

h —  Caulis  fulvo  hirsutissimus ;  capitula  in  apicibus  paniculae  ramorum 

subracemosa. 

8.  M.  hirsutissima,  DC.,  Prodr.,  v,  200  (1836). —  On  mountains, 
Velirla  of  Copey,  alt.  1800-1900  m.,  April,  1898,  Ad.  Tonduz ,  no. 
12,208.  A  South  American  species. 

-t-  -t-  Caulis  plus  minusve  pubescens,  vel  tomentosus,  vel  subglaber  ■  capitula 

cymosa  vel  eorymbosa. 

++  Capitula  8-10  mm.  longa. 

=  Folia  basi  acuta  vel  acuminata. 

9.  M.  olivacea,  Klatt,  l.  c.,  xxxi,  pt.  1,  195  (1892).  Foliis 
integerrimis.  —  In  woods,  Buenos  Aires  (Costa  Rica),  January,  1892, 
alt.  200-300  m.,  H.  Pittier,  no.  4933.  This  species  is  scarcely  dis¬ 
tinct  from  M.  Guaco ,  HBK. 

=  —  Folia  basi  cordata. 

10.  M.  cordifolia,  Willd.,  Spec,  pi.,  iii,  1746  (1804).  Agua 
Caliente,  H.  Pittier ,  no.  137  ;  in  underbrush,  Surubres  near  San 
Mateo,  P.  Biolley ,  no.  7025  ;  Ujarras,  Buenos  Aires  (Costa  Rica), 
H.  Pittier ,  no.  10,626  ;  and  at  Navarro,  Prov.  Cartego,  J.  D.  Smith , 
no.  4855.  Widely  distributed  in  the  tropics  of  the  New  World. 

++  -4-1-  Capitula  minora,  5-6  mm.  longa. 

11.  M.  scandens,  Willd.,  1.  c.,  1743  (1804).  Foliis  variabilibus 
sed  semper  tenuibus  saepissime  hastato-cordatis.  —  Costa  Rica  :  PL 
Pittier ,  no.  3231  ;  Ad.  Tonduz ,  nos.  7067,  7264,  8589;  P.  Biolley , 
no.  7425.  The  commonest  and  most  widely  distributed  species  of 
the  genus. 


3.  *Notes  on  the  Genus  Mimosa  in  Mexico  and  Central 

America. 

Mimosa  argillotropha,  spec.  nov.  Frutex,  ramis  gracilibus 
obscure  puberulis  striatis  atropurpureis  aculeatissirais,  aculeis  parvis 
seriatim  orientibus  valde  recurvatis  peracutis  2  mm.  longis ;  petiohs 
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propriis  circa  1.4  cm.  longis  et  rhachidibus  foliorum  4—5  cm.  longis 
aculeis  minoribus  recurvatis  armatis;  pinnis  5-jugis  3-4  cm.  longis 
in  rhachillis  aculeis  minimis  armatis;  foliolis  9-11-jugis  oblongis 
vel  obovato-oblongis  obtusis  acute  mucronulatis  utrinque  obscure 
adpresse  puberulis  uninervatis  integerrimis  circa  7  mm.  longis,. 
stipulis  subulato-filiformibus  integris ;  capitulis  numerosis  globosis 
in  panicula  pyramidata  racemosa  dispositis  circa  6  mm.  diametro 
(staminibus  patentibus  exclusis),  ramulis  pedicellisque  inflores- 
centiae  adpresse  puberulis;  floribus  albis  glabris,  calyce  0.7  mm. 
longo  leviter  denticulato,  corolla  3  mm.  longa  ad  mediam  5-den- 
tata,  dentibus  ovatis  subacuminatis ;  staminibus  7-8 ;  ovario  sub- 
sessile  margine  bispido-piloso,  fructu  ignoto. — M.  sepiaria,  Micheli, 
Leguminosae  Langlasseanae,  279,  not  Bentb. — Mexico:  in  clayey 
soil  at  La  Correa,  Guerrero,  alt.  50  m.,  4  October,  1898,  E. 
Langlasse ,  no.  415  (type  in  bb.  Gr.). 

M.  sepiaria ,  Bentli.,  a  Brazilian  species,  is  widely  different.  It 
bas  few  scattered  strong  spines  and  very  numerous  linear  leaflets- 
(20  to  40  pairs  on  each  pinna). 

M.  colimensis,  spec.  nov.  Verisimiliter  suffrutescens,  caule 
obtuse  angulato  glabro  armato,  aculeis  brevibus  crassiusculis  peracu- 
tis  valde  compressis ;  foliis  2  dm.  longis  (petiolo  incluso),  pinnis  15- 
18-jugis  4-5  cm.  longis  foliolis  27-32-jugis  lineari-oblongis  acutis 
4  mm.  longis  1  mm.  latis  basi  valde  obliquis  subtus  sparse  puberulis 
nervo  medio  eccentrico,  stipulis  subulato-filiformibus  1-1.5  mm. 
longis  erectis  vix  induratis,  stipellis  subulatis  1-1.5  mm.  longis,. 
rbacbide  principali  1.5  dm.  longo  supra  puberulo  subtus  aculeis  par¬ 
vis  recurvatis  munito,  rbacbidibus  secundariis  inarmatis  ;  inflores- 
centia  magna  pyramidali  racemoso-paniculata  infra  folioso-bracteata, 
pedicellis  fasciculatis  filiformibus  1-1.8  cm.  longis  puberulis;  floribus 
capitatis  glabris,  capitulis  primum  ovalibus  deinde  subglobosis, 
calyce  perbrevi  subtruncato  cuspidato-denticulato ;  corolla  2  mm. 
longa  glabra  tenui  dentibus  acutiusculis  ;  fructu  ignoto. —  Mexico: 
Colima,  Dr.  Edward  Palmer ,  1897,  no.  128  (type  specimens  in  bb. 
Gr.  and  bb.  U.  S.  nat.  mus.). 

This  species  differs  from  J\I.  eurycarpa  and  M.  eurycarpoides , 
Robinson,  in  its  more  numerous  pinnae,  armed  rhacliises,  and  to 
some  extent  in  the  oval  form  of  the  young  beads,  which  in  the 
species  just  mentioned  are  essentially  spherical. 

M.  eurycarpoides,  Robinson,  Proc.  Am.  acad.,  xxxvi,  472 
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<(1901).  Dr.  J.  N.  Rose  has  called  my  attention  to  jthe  fact  that 
the  detached  pod  mentioned  in  the  description  of  this  species  was 
erroneously  associated  with  the  rest  of  the  material  presumably  dur¬ 
ing  the  mounting.  It  is  probably  the  fruit  of  Acacia  far  nesiana. 

M.  in  visa,  Martins,  Flora,  xx,  Bd.  2,  Beibl.,  121  (1837).  Add 
synonym  31.  sepiaria ,  Micheli,  Leguminosae  Langlasseanae,  279,  as 
to  no.  423,  not  Bentli. 

M.  Langlassei,  Micheli,  l.  c.,  277,  t.  22  (1903).  From  the 
description  and  figure  it  is  quite  impossible  to  find  a  single  difference 
between  this  species  and  31.  JCanti,  Gray,  Proc.  Am.  acad.,  v,  157 
(1861).  If,  however,  the  two  prove  identical  the  distribution  of  the 
species  (Cape  St.  Lucas,  Lower  California,  and  Mt.  Jorullo,  Mexico) 
is  unusual  and  interesting. 

M.  Micheliana,  spec.  nov.  Frutex  armata,  ramis  gracillimis 
elongatis  teretibus  purpurascentibus  glaberrimis,  aculeis  sparsis  flavo- 
brunneis  gracilibus  subrectis  paulo  recurvatis  3  mm.  longis;  petiolis 
filiformibus  1.5—3  cm.  longis  glabris  obscure  sparsissimeque  armatis, 
stipulis  filiformibus  vel  anguste  subulatis  erectis  patente  ciliatis, 
pinnis  foliorum  unijugis  3-5  cm.  longis,  foliolis  circa  8-jugis  oblongis 
9-12  mm.  longis  3.5-4  mm.  latis  acutis  undique  glabris  margine 
adpresse  ciliato-serrulato  ;  capitulis  laxe  racemosis  globosis  circa  7 
mm.  diametro  (staminibus  patentibus  exclusis),  pedunculis  ex  axillo 
geminis  orientibus  filiformibus  2  cm.  longis,  floribus  glaberrimis, 
calyce  campanulato  1  mm.  longo  leviter  4-dentato  ;  corolla  erubes- 
centi  3  mm.  longa,  dentibus  4  angusti-deltoideis  subacutis  1  mm. 
longis,  staminibus  4,  ovario  subsessili  glabro ;  fructu  ignoto.  —  31. 
schraiihioides ,  Micheli,  l.  c.,  279,  not  Benth.  — Mexico  :  La  Correa, 
Guerrero,  alt.  250  m.,  September,  1898,  E.  Eanglassk ,  no.  386  (type 
in  hb.  Gr.). 

31.  schrankioides,  Benth.,  a  species  of  British  Guiana,  to  which  this 
plant  has  been  referred,  is  exceedingly  different,  having  much  larger 
and  more  numerous  appressed-villous  leaflets,  hairy  ovaries,  longer 
petioles,  etc. 

M.  Nelsonii,  Robinson,  Proc.  Am.  acad.,  xxxiii,  314  (1898). 
Add  synonym  31.  lignosa ,  Micheli,  Leguminosae  Langlasseanae,  278, 
t.  23  (1903). 

M.  paucifoliolata,  Micheli,  l.  c.,  278  (1903).  This  is  just  the 
plant  which  was  described  in  the  Proc.  Am.  acad.,  xxxiii,  317  (1898), 
as  31  laxiflora ,  var.  zygophylloides ,  Robinson.  The  reduction  of 
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the  leaflets  to  a  single  slightly  enlarged  pair  gives  a  rather  distinct 
habit,  but  the  examination  of  a  series  of  specimens  of  the  rather 
variable  31.  laxi flora,  Benth.,  leads  to  the  conclusion  that  this  plant 
is  only  an  extreme  variation  of  that  species. 

M.  polyanthoides,  spec.  nov.  Fruticosa  3-5  m.  alta,  ramis 
striatis  griseo-brunneis  aculeis  magnis  compressis  recurvatis  atroru- 
bentibus  subaxillaribus  munitis;  foliis  1.5  dm.  longis,  pinnis  4— 7-jugis 
3-4  cm.  longis  basi  geniculatis  stipellatis,  rhachide  rhachillisque 
angulatis  sparsissime  pubescentibus,  foliolis  13-1 7-jugis  oblongis 
glabris  8  mm.  longis  3-4  mm.  latis  apice  rotundatis  mucronatis  basi 
obliquis  supra  viridibus  subtus  vix  pallidioribus ;  floribus  spicatis 
ignotis,  spicis  2-3  cm.  longis  breviter  pedunculatis,  pedunculo  puber- 
ulo  rhachide  florifero  glabrato ;  legumine  compressissimo  5-6  cm. 
longo  10-13  mm.  lato  irregulariter  crenato  apice  abrupte  acuminato 
stylo  tenui  saepe  falcato  breviter  rostrato  basi  longe  cuneato-atten- 
uato,  stipiti  circa  1  cm.  longa,  replo  valvisque  setoso-hispidis,  semini- 
bus  8. — Mexico  :  on  mountains  above  Iguala,  Guerrero,  alt.  1230  m., 
5  October,  1900,  C.  G.  Pringle ,  no.  8408  (type  in  lib.  Gr.). 

Distributed  as  31.  polyantha ,  Benth.,  but  readily  distinguished 
from  that  species  by  its  more  numerous  pinnae  and  leaflets  and 
especially  by  its  long-stiped  and  somewhat  larger  fruit.  From  31. 
stipitata  it  differs  in  the  larger  leaflets  and  broader  hispid,  not 
glabrous  pods. 

M.  rhododactyla,  spec.  nov.  Frutex  ramoso  3  m.  alto,  ramis 
griseis  flexuosis  in  specimine  viso  inarmatis,  ramulis  flavescenti- 
tomentellis;  stipulis  parvis  subulatis,  petiolis  propriis  12-16  mm. 
longis  et  rhachidibus  foliorum  circa  4  cm.  longis  inarmatis  tomentellis, 
foliis  bipinnatis,  pinnis  circa  9-jugis  2  cm.  longis,  foliolis  9-14-jugis 
anguste  oblongis  baud  imbricatis  apice  rotundatis  basi  obliquis  supra 
glaberrimis  subtus  adpresse  pubescentibus  arete  sessilibus  3  mm. 
longis,  floribus  pallide  roseis  dense  spicatis,  spicis  cylindricis  4  cm. 
longis  longe  pedicellatis  binis  vel  trinis  orientibus  in  racemis  longis 
terminalibus  dispositis ;  calyce  brevi  extus  sericeo-pubescenti,  corolla 
1.6  mm.  longa  extus  sericeo-pubescenti  ad  mediam  in  dentes  5  ovato- 
deltoideos  acutiusculos  secta ;  staminibus  10:  fructu  ismoto. —  31. 
puberula ,  Micheli,  l.  c.,  279,  not  Benth.  —  Mexico :  in  tropical 
region  at  Las  Higueritas  near  the  boundary  between  Michoacan  and 
Guerrero,  on  granitic  soil,  alt.  500  m.,  11  July,  1898,  E.  Langlasst. 

Although  1  have  never  seen  authentic  material  of  31.  puberula , 
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Bentk.,  I  cannot  believe  that  this  plant  of  Langlasse  with  its  small 
leaflets  glabrous  above,  its  peduncles  1.2  cm.  long,  and  silky-villous 
flowers,  is  the  species  which  Bentham  (in  Hook.  Lond.  journ.  bot., 
v,  88,  &  Trans.  Linn,  soc.,  xxx,  413)  described  as  having  leaflets  in 
15-40  pairs,  2-2 J  lines  long,  puberulent  on  both  surfaces,  spikes  very 
shortly  pedicelled,  and  flowers  nearly  glabrous. 

M.  stipitata,  spec.  nov.  Fruticosa  3-5  m.  alta,  ramis  flexuosis 
brunneo-griseis  inarmatis  vel  aculeis  gracilibus  recurvatis  subaxilla- 
ribus  munitis;  foliis  1  dm.  longis  rhachide  pubescenti,  pinnis  circa 
5-jugis  subremotis,  rhachillis  pubescentibus  prope  basim  geniculatis 
stipellatis  2  cm.  longis,  foliolis  circa  10-jugis  anguste  oblongis  sub- 
acutis  5  mm.  longis  1.7  mm.  latis  margine  parce  ciliata  excepto  sub- 
glabris  supra  viridibus  subtus  vix  pallidioribus ;  floribus  spicatis 
ignotis ;  spicis  breviter  pedunculatis  2—3  cm.  longis ;  legumine 
oblongo  tenui  compressissimo  lateraliter  crenato  4-5  cm.  longo 
1  cm.  lato  abrupte  acuminato  stylo  persistente  graciliter  rostrato 
basi  cuneato  longe  graciliterque  stipitato  valvis  minutissime  granu- 
latis  inarmatis  fuscescentibus  plus  minusve  lucidis,  stipite  5-10 
mm.  longo,  seminibus  8. —  Mexico:  on  mountains  above  Iguala, 
Guerrero,  alt.  1230  m.,  5  October,  1900,  C.  Q.  Pringle ,  no.  8406 
(type  in  hb.  Gr.). 

This  number  was  distributed  as  M.  polyantha,  var.  levior ,  but 
on  re-examination  it  is  found  to  differ  from  that  plant  in  the  long- 
stiped  pods  and  more  numerous  pinnae  and  leaflets.  To  M. 
stipitata*  may  be  referred  Rose  &  Hay’s  no.  5331  (hb.  U.  S. 
nat.  mus.),  collected  near  Puenta  de  Ixtla,  Morelos,  4  July,  1901, 
the  only  difference  being  the  somewhat  broader  spines  on  the  older 
branches.  The  flowers  present  in  this  specimen  are  white  with 
shortly  4-dentate  calyx,  turbinate  4-lobed  corolla,  the  lobes  being 
broadly  lanceolate  and  glabrous,  and  the  stamens  8  in  number. 
The  affinity  of  M.  stipitata  is  evidently  with  M.  polyantha,  Benth. 


4.  Notes  on  some  Polygonums  of  western  North  America. 

While  revising  the  New  England  Polygonums  of  the  section 
Ameularia  some  months  ago,1  I  found  occasion  to  examine  several 


1  See  Rhodora,  iv,  65-73  1902). 
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of  the  more  western  species  of  the  same  genus,  and  the  notes  pre¬ 
pared  on  these  may  be  presented  as  follows : — 

Polygonum  camporum,  Meisner.  This  species,  published  in 
Martius’s  Flora  Brasiliensis,  v,  pt.  1,  21  (1855),  was  characterized 
thus:  “caulibus  elongatis  ramisque  filiformibus  subsim’plicibus,  acute 
sulcatis,  ad  apicem  usque  foliosis ;  ochreis  internodio  multo  breviori- 
bus,  hyalinis,  basi  fuscis,  circa  6-nervis,  demum  laceris  deciduis;  foliis 
sessilibus,  anguste  lanceolatis  linearibusve ;  floribus  axillaribus  sub- 
solitariis ;  spicam  longam  interruptam  foliosam  formantibus ;  pedi- 
cellis  demum  ochream  calicemque  aequantibus ;  nucula  inclusa, 
nitida,  faciebus  late  ovatis  minutissime  punctatis  (baud  striatis) 

“a  boreale  nob.  foliis  omnibus  planis,  margine  leviter  recurvo, 
inferioribus  venosis.” 

“ Habitat  in  Texas:  Drummond  Coll.  7,  n.  27 I,  II.  n.  25  j  ; 
circa  Dejar ,  Derlandier  n.  1770 1 

“ /3  australe  nob.  foliis  inferioribus  .  . .  .  ,  superioribus  subulato- 
linearibus,  margine  revolutis,  supra  sulcato-lineatis,  subtus  1-nerviis.” 

“  Habitat  circa  Duenos  Ayres  :  Twee  due  /  verisimiliter  etiam  in 
Drasilia  australi 

On  examining  in  the  Gray  herbarium  Drummond’s  no.  254  of 
his  second  1  exan  collection  and  Berlandier’s  no.  1770  from  Bejar, 
I  find  that  they  represent  two  quite  different  and  as  I  believe  dis¬ 
tinct  plants.  In  Berlandier’s  specimen  the  spikes  are  bracteate 
throughout  their  length,  the  bracts  being  from  2  to  9  mm.  in  length 
and  considerably  longer  than  the  subtended  flowers.  The  leaves 
and  bracts  in  a  dried  state  are  smoothish  or  only  obscurely  rugulose 
on  the  upper  surface.  In  Drummond’s  plant  no.  254,  however,  the 
inflorescence  consists  of  about  6  essentially  naked  spikes  racemosely 
or  subumbellately  clustered  at  the  end  of  the  stem  or  branch.  The 
bracts  are  very  inconspicuous  and  are  much  exceeded  by  the  flowers. 
The  leaves  and  bracts,  moreover,  are  very  definitely  striate-nervate 
on  the  upper  surface.  On  reading  Meisner’s  description  with  these 
points  in  mind,  I  think  there  can  be  no  doubt  that  the  expression 
u  floribus  sessilibus  subsolitariis  spicam  longam  interruptam  form¬ 
antibus  ”  applies  to  the  plant  of  Berlandier  and  not  to  Drummond’s 

♦ 

no.  254.  Unfortunately  Drummond’s  no.  274  is  not  at  hand  and  it 
is  impossible  to  say  to  which  form  it  belongs.  However,  it  is  clear 
that  the  species  as  cited  by  the  original  author  includes  two  quite 
different  plants,  and  it  is  certainly  best  to  take  as  typical  the  one  to 
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which  the  description  clearly  applies.  The  other  plant  I  would 
separate  as  follows  :  — 

P.  (§  Avicularia)  striatulum,  spec.  nov.  Perenne  gracile  3-7 
dm.  altum  glaberrimum,  caule  tereti  glaucescenti  striato  plus  minusve 
flexuoso  nodoso  infra  delapsu  foliorum  nudo,  ocreis  striatis  5-7  mm. 
longis,  limbo  profunde  in  libras  lacerato ;  foliis  lineari-lanceolatis 
2. 5-3. 5  cm.  longis  2—3  mm.  latis  integerrimis  undique  bene  striatulo- 
venosis  subnigrescentibus  apice  basique  peracutis;  spicis  2-9  cm. 
longis,  internodiis  rhachidum  3-10  mm.  longis,  ocreis  2-3-fioris ; 
laminis  bractearum  parvis  lanceolatis  2-3  mm.  longis  a  floribus 
superatis ;  pedicellis  nutantibus  filiformibus  apice  articulatis;  flor- 
ibus  turbinato-campanulatis ;  calycis  segmentis  5  elliptico-oblongis 
glabris  2  mm.  longis  pallidis  epunctatis;  staminibus  6;  lilamentis 
glabris  ;  styli  ramis  3  ;  ovario  triquetro  ;  fructu  ignoto.  —  Texas  : 
Drummond ,  no.  254  of  his  second  expedition  (type  in  hb.  Gr.) ;  also 
Drummond,  no.  266  of  his  first  Texan  expedition  (hb.  Gr.);  and  on 
sterile  prairies,  granitic  soil,  near  Llano,  October,  1847,  Lindheimer , 
no.  57  (hb.  Gr.). 

Of  P.  camporum  and  P.  striatulum  I  have  seen  no  specimens 
from  north  of  Texas.  The  numerous  plants  of  Kansas,  Missouri, 
Nebraska,  and  Dakota,  which  various  authors  have  from  time  to 
time  referred  to  P.  camporum,  have  so  far  as  I  have  been  able  to 
examine  them  proved  to  be  P.  avicidare,  L.,  P.  ramosissimum , 
Michx.,  or  P.  proliftcum,  Robinson.  These  species  are  not  difficult 
to  distinguish,  although  from  habital  similarity  they  have  been  much 
confused.  In  P.  camporum  the  flowers  are  borne  on  much  longer 
pedicels  than  in  P.  aviculare  or  its  variety  littorale ;  the  flowers  are 
much  larger  than  in  P .  prolificum ;  and  the  segments  of  the  calyx, 
which  are  5  in  number,  are  far  more  petaloid  and  less  strongly  keeled 
than  the  outer  calyx-lobes  of  the  habitually  6-cleft  calyx  in  P.  ramo - 
sissimum. 

P.  (§  Avicularia)  leptocarpum,  spec.  nov.  Glaberrimum  3 
dm.  altum  profuse  ramosuin ;  radice  lignescenti,  caulibus  numerosis 
teretibus  delapsu  foliorum  nudis,  ramulis  3-4-angulatis,  ocreis  3  mm. 
longis  basi  ferrugineis,  limbo  profunde  in  fibras  sordidas  lacerato  ; 
foliis  inferioribus  ignotis,  superioribus  lanceolato-linearibus  7  mm. 
longis  1-1.5  mm.  latis  crassiusculis  pallide  viridibus  vel  etiam  griseis 
apice  basique  acutis  uninerviis;  floribus  axillaribus  minimis  incon- 
spicuis  sessilibus;  calyce  2  mm.  longis  epunctato  ad  mediam  vel 
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ultra  in  lobos  4-5  oblongos  apice  rotundatos  partito,  lobis  in  parte 
media  viridibus  sed  margine  albescentibus  vel  tardius  erubescentibus  ; 
staminibus  4—5  ;  antheris  0.5  mm.  longis  ;  ovario  triquetro  elongato  ; 
fructu  2.8  mm.  longo  lanceolato  apice  tenui  falcato  e  calyce  longe 
exserto.  YV  infield,  Ivansas,  Paul  P.  T VJiite,  10  October,  1898  (type 
in  hb.  IT.  S.  nat.  mus.;  fragment  in  hb.  Gr.).  This  species  although 
as  yet  known  from  a  single  individual  seems  so  well  marked  as  to 
merit  description.  In  habit  and  foliage  it  most  nearly  approaches 
/  .  prolificum,  Robinson.  The  fruit,  however,  is  very  different  in 
f oi m  and  as  in  P,  exsertum ,  Somali,  protrudes  far  out  of  the  calyx. 
P  rom  the  latter  species,  P.  leptocarpum  is  readily  distinguished  by 
its  much  smaller  flowers  and  fruit,  which  are  scarcely  half  as  large 
as  in  P.  exsertum. 

P.  (§  Avicularia)  caurianum,  spec.  nov.  Annuum  gracillimum 
glaberrimum  a  basi  ramosum  et  floriferum,  caulibus  subfiliformibus 
piosti atis  vel  adscendentibus  subsimplicibus  vel  plus  minusve  ramo- 
sis  12-25  cm.  longis  foliosis,  ocreis  brevibus  scariosis  ad  insertion em 
folii  ulti  a  mediam  partitis,  lobis  obtusis  vel  acutis  saepe  laoeratis  sed 
baud  in  fibras  dissolutis ;  internodiis  pergracilibus  maturitate  1-3  cm. 
longis  quam  folii  longioribus;  foliis  anguste  ellipticis  vel  oblongis 
1—1.6  cm.  longis,  3—5  mm.  latis  integerrimis  tenuibus  penniveniis 
apice  rotundatis  basi  in  petiolam  filiformem  attenuatis ;  floribus 
axillaiibus  teinis  vel  quinis  quam  ei  Polygoni  avicularis  minoribus 
graciliter  pedicellatis  basi  turbinatis;  calyce  erubescenti,  lobis  orbi- 
cularibus  tenuibus  margine  petaloideis  plus  minusve  patentibus  ab 
achaenio  nigro-brunneo  triquetro  minutissime  punctato  conspicue 
superatis  ;  staminibus  5  inclusis.—  Hushagak,  British  Columbia,  18 
August,  1882,  McKay,  no.  49  (type  in  hb.  Gr.  and  hb.  U.  S.  nat. 
mus.) ;  also  on  the  middle  and  lower  Kuskawin,  Alaska,  F.  C. 
Hinckley ,  August,  1898  (hb.  Gr.). 

Although  in  technical  characters  this  species  is  very  near  P. 
aviculare,  L.,  it  may  be  readily  distinguished  by  its  very  slender 
almost  filiform  stems,  slightly  smaller  flowers  and  achenes  (2.6  mm. 
long) ,  and  by  the  form  and  venation  of  the  leaves.  These  in  P. 
aviculare ,  when  observed  in  transmitted  light,  are  seen  to  have  firm 
straightish  lateral  veins  departing  from  the  mid-nerve  at  an  angle  of 
about  30°.  In  P.  caurianum  on  the  other  hand  the  lateral  veins 
are  much  finer  and  leave  the  mid-nerve  nearly  at  right  angles,  curv- 
mg  foiwaid  and  anastomosing  freely  before  they  reach  the  margin. 
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From  P.  islandicum ,  Meisner,  to  which  P.  caurianum  shows  also 
much  affinity,  it  may  be  distinguished  by  its  more  slender  stems, 
smaller  dowers,  and  erubescent  calyx  with  a  more  spreading  limb. 
The  achenes  are  also  shorter. 

Dimorphism  in  Polygonum  longistylum.  An  examination  of 
typical  material  of  P.  longistylum ,  Small,  with  its  long-exserted 
style-branches  and  short  included  stamens  immediately  suggested 
that  this  was  merely  one  form  of  a  dimorphic  species,  and  that  the 
other  form  would  be  found  to  have  a  complementary  dower  with 
proportionately  short  style-branches  and  long  stamens.  Search  in 
the  related  material  in  the  Gray  herbarium  has  shown  this  to  be  the 
case.  The  short-styled  form  is  represented  by  specimens  from 
Dunklin  county,  Missouri,  Bush,  no.  117A;  western  Kansas,  Mee¬ 
han ;  Kingdsher  county,  Oklahoma,  L.  A.  Blankinsliip ;  Houston 
and  Lynchburg,  Texas,  Lindheimer ;  and  Southerland  Springs, 
Texas,  Dr.  Palmer ,  no.  1188.  These  specimens  have  been  vari¬ 
ously  distributed  under  the  names  of  P.  pennsylvanicum  and  P. 
mexicanum.  During  anthesis  the  length  of  the  style  from  the  sum¬ 
mit  of  the  ovary  to  the  tip  of  the  stigma  is  1.2  mm.,  while  the  fila- 
ments  are  3  mm.  in  length.  In  the  long-styled  form  these  lengths 
are  just  reversed.  It  may  be  noted  that  the  stigmas  are  subglobose 
in  the  short-styled  form,  but  clavate  in  the  long-styled.  In  the  light 
of  the  dimorphic  character  of  the  dowers  the  specidc  name  seems 
unhappily  chos'en.  In  the  habitally  similar  P.  pennsylvanicum ,  L., 
anthers  and  stigmas  attain  at  anthesis  essentially  the  same  height 
and  no  dimorphism  can  be  detected. 


5.  New  Spermatophytes  of  Mexico  and  Central  America. 

Hechtia  tehuacana,  spec.  nov.  Robusta;  foliis  lineari-lanceo- 
latis  a  basi  ampliata  ad  apicem  rigidum  gradatim  angustatis  argen- 
teis  4  dm.  longis,  margine  aculeis  atrobrunneis  lucidis  tenuibus  rigi- 
dis  falcato-curvatis  4-5  mm.  longis  armata ;  scapo  robusto,  ramulis 
indorescentiae  £  axillis  bractearum  magnarum  ovatarum  acumi- 
natarum  glabrescentium  ad  3-4  fasciculatim  orientibus  4-8  cm. 
longis  curvato-adscendentibus  subdense  doriferis ;  doribus  viride 
lutescentibus  subsessilibus  4-5  mm.  longis  ;  bracteolis  late  ovatis 
acutiusculis  glabris  2-2.5  mm.  longis;  sepalis  ovatis  vel  suborbicular- 
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lbus  concavis  obtusis  glabris  3  mm.  longis ;  petalis  late  ovatis 
apice  rotundatis  5  mm.  longis  4  mm.  latis;  filamentis  glabris  obcom- 
p  res  sis  4  mm.  longis;  antheris  circa  2  mm.  longis;  ovario  abortivo 
minuto  fere  vel  omnino  glabro  ;  ramulis  inflorescentiae  $  3-8  cm. 
longis ;  floribus  breviter  pedicellatis ;  sepalis  petalisque  ovatis 
subacutis  vel  acutis ;  capsulis  glabris  argute  triquetris  pallide  brun- 
neis  8-10  mm.  longis  4-5  mm.  crassis  ;  stigmatibus  brevibus  sessili- 
bus.  Mexico:  on  calcareous  hills  near  Tehuacan,  alt.  1725  m., 
Pringle,  no.  8578  (type  in  hb.  Gr.). 

A  stout  species  to  be  readily  recognized  by  its  crowded  greenish 

yellow  subsessile  staminate  flowers  with  broad  free  petals  rounded 
at  the  apex. 

Cerastium  Barberi,  spec.  nov.  Laete  vi rifle  perenne  a  basi 
ramosum  1.8— 2.8  dm.  altum,  caulibus  1  vel  pluribus  erectis  vel  basi 
decumbentibus  inferne  foliosis  superne  subnudis  praeter  lineam 
angustam  lateralem  puberulam  glaberrimis ;  foliis  oblongo-lanceola- 
tis  acutiusculis  crassiusculis  sessilibus  1.2-2  cm.  longis  5  mm.  latis  1- 
nervatis  utnnque  laete  viridibus  margine  prope  basim  retrorse  cilia- 
tis ;  pedicelhs  1-2  cm.  longis  unilateraliter  retrorse  puberulis  apice 
nutantibus ;  bracteis  ovatis  ciliatis  aliter  glabris;  sepalis  ovato- 
oblongis  tenuibus  6-7  mm.  longis  laete  viridibus  ciliolatis  obtusis 
margine  plus  minusve  scariosis ;  petalis  albis  6  mm.  longis  vix  per 
quarternam  partem  longitudinis  bipartite,  parte  indivisa  obovata  2- 
2'5  rara'  lata;  staminibus  10;  filamentis  basi  ad  apicem  gradatim 
attenuatis;  stylis  3  valde  exsertis ;  capsula  ovoideo-cylindrica  8-10 
mm.  longa  exserta,  seminibus  circa  20.— Mexico: 'in  the  Sierra 
Madres  near  Colonia  Garcia,  Chihuahua,  27  June,  1899,  C.  II.  T. 
Townsend  and  C.  .17  Barber,  no.  453  (type  in  hb.  Gr.). 

Related  to  C.  nutans,  Raf.,  but  readily  distinguished  by  its  very 
different  pubescence. 

Farnassia  Townsend!!,  spec.  nov.  Glaberrima,  radice  fibroso, 
caule  solitano  3.5  dm.  alto  angulato  unihoro  erecto  paulo  supra 
mediam  unifoliato  ;  foliis  radicalibus  circa  6  oblongo-oblanceolatis 
5-7-nervatis  erectis  integerrimis  lamina  obtusa  4-6  cm.  longa  14-16 
mm.  lata  basi  in  petiolam  latiusculam  aequilongam  gradatim  attenu- 
ata  subtus  minutissime  fulvo-punctatis,  folio  unico  caulini  ovato 
arete  sessili  1.5  cm.  longo  obtuso ;  floro  erecto  3  cm.  vel  ultra  lato ; 
sepalis  oblongis  5-nervatis  9  mm.  longis  3.5  mm.  latis  pallide  viridi¬ 
bus;  petalis  1.5  cm.  longis  8  mm.  latis  pallide  luteis  ovatis  circa 
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7-nervatis  margine  in  parte  media  conspicue  fimbriato-ciliatis  sed 
basi  late  cuneato  unguiformi  et  apice  obtuso  integerrimis;  stamin- 
odiis  in  partes  circa  6  filiformes  apice  capitato-glandulosas  profundi- 
ter  divisis ;  filamentis  glabris  7  mm.  longis,  antheris  3  mm.  longis 
mucronatis ;  fructu  ignoto. —  Mexico:  in  the  Sierra  Madres  near 
Chuichupa,  alt.  2600  m.,  16  September,  1899,  C.  H.  T.  Townsend 
and  C.  M.  Barber ,  no.  431  (type  in  hb.  Gr.). 

This  species  is  readily  distinguished  from  any  other  by  the  oblong- 
oblanceolate  leaves  which  are  cuneate  at  the  base. 

Hyptis  Seemanni,  Gray,  var.  stenophylla,  var.  nov.  Magis 
puberula  quam  molliter  pubescens ;  foliis  angustis  8-14  mm.  latis 
basi  cuneatis  utrinque  viridibus. —  Mexico:  at  Badehuache,  Sonora, 

2  December,  1890,  F.  G.  Lloyd ,  no.  450  (type  in  hb.  Gr.);  also  not 
far  from  Seven  Star  mine,  Rio  de  Aros  in  the  Sierras  of  Chihuahua, 

3  September,  1899,  C.  H.  T.  Toicnsend  and  C.  M.  Barber ,  no.  400. 

In  the  typical  form  of  this  species  the  stem  and  branches  of  the 

inflorescence  are  covered  with  a  soft  spreading  tomentum,  the  leaves 
(at  the  base  of  the  inflorescence)  are  2  cm.  broad,  obtuse  at  the  base 
and  canescent-tomentose  beneath.  No  floral  differences  have  been 
detected. 

Pentstemon  isophyllus,  spec.  nov.  A  basi  subdecumbente 
erectus  7  dm.  altus,  caulibus  simplicibus  robustis  teretibus  purpureis 
pulverulentis  foliosissimis  ;  foliis  lanceolatis  crassiusculis  integerrimis 
glabris  sessilibus  acutis  saepissime  conduplicatis,  primariis  circa  25- 
jugis  subaequalibus  (infimis  brevioribus  exceptis)  3-4  cm.  longis 
1  cm.  latis,  margine  revoluto ;  panicula  secunda  3  dm.  longa, 
bracteis  sessilibus  ovatis  acuminatis,  cymis  oppositis  pedunculatis 
3-floris,  bracteolis  ovatis  acutis,  pedicellis  1.4  cm.  longis  ;  floribus 
nutantibus ;  calyce  fere  ad  basim  in  segmenta  5  late  ovata  erosa 
brevissime  acuminata  8  mm.  longa  enervosa  atropurpurea  diviso ; 
corolla  coccinea  4  cm.  longa  in  faucibus  leviter  ampliata  plus 
minusve  albo-puberula,  limbo  5-lobato  eroso  crenulato ;  filamentis 
staminum  duorum  inferiorum  filiformibus  1  cm.  supra  basim  aflixis, 
parte  libera  2.8  cm.  longa,  filamentis  staminum  duorum  superiorum 
basi  valde  incrassatis  in  fundo  infimo  corollae  aflixis,  antherae  loculis 
divergentibus  plumbeis,  rudimento  2.4  cm.  longo  flliforme  glabro 
apice  leviter  incrassato. —  Mexico  :  on  hills  above  Chalchicomula, 
Puebla,  alt.  2750  m.,  13  August,  1901,  C.  G.  Pringle ,  no.  8568 
(type  in  hb.  Gr.). 
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In  habit  this  species  differs  rather  conspicuously  from  its  Mexican 
congeners  in  its  very  numerous  subequal  pairs  of  cauline  leaves. 

Piptothrix  jaliscensis,  spec.  nov.  Ramosa  glaberrima  glau- 
cescens,  caule  tereti  laevissimo  atropurpureo ;  foliis  oppositis  sub- 
sessilibus  crassiusculis  patentibus  vel  etiam  reflexis  ovatis  leviter 
serrulatis  acutis  basi  rotundatis  3-nervatis  subtus  minute  reticulatis, 
3-4  cm.  longis,  13-20  mm.  latis ;  corymbis  parvis  terrninalibus 
rotundatis,  capitulis  sessilibus  3— 4-6 oris  8  mm.  altis,  involucro  cylin- 
drico  glaberrimo,  squamis  circa  7,  interioribus  subaequalibus  lineari- 
oblongis  acutiusculis  3.8  mm.  longis,  exterioribus  multo  brevioribus ; 
corollis  albis  ex  involucro  longe  exsertis  glabris,  tubo  proprio  gracili 
faucibus  breviter  cylindricis  subaequante ;  achaeniis  nigris  laevibus 
1.2  mm.  longis,  pappi  setis  10-12  inaequalibus  niveis  caducis. — 
Mexico:  dry  rocky  mountains  above  Etzatlan,  Jalisco,  1903,  C.  G. 
Pringle ,  no.  8764. 

A  plant  with  the  habit  of  P.  pubens ,  Gray,  but  readily  distin¬ 
guished  from  that  species  by  its  less  pointed  and  entirely  glabrous 
leaves,  glaucescent  surface,  etc. 

Brickellia  monocephala,  spec.  nov.  Erecta  perennans,  rhizo- 
mate  crassiusculo  horizontali  noduloso,  caule  simplici  tereti  striato 
tenuiter  pubescenti  8  dm.  alto  ad  mediam  folioso ;  foliis  alternis 
ovatis  graciliter  petiolatis  integris  obtusis  basi  subcordatis  vel  sub- 
truncatis  ad  insertionem  petioli  breviter  acuminatis  undique  opace 
viridibus  puberulis  subtus  glanduloso-  vel  resinoso-punctatis  3—5  cm. 
longis  2.5— 3.4  cm.  latis  3-nervatis;  foliis  superioribus  angustioribus 
bractealibus  in  pedunculo  solitario  terminali  remotis ;  capite  pro 
genere  permagno  3.8  cm.  diametro  nutante,  involucri  campanulati 
squamis  oblongis  acutis  viridibus  externe  pubescentibus  circa  3-seria- 
tim  imbricatis  interioribus  striato-nervatis ;  corollis  viride  albis  tubo 
longo  sine  ullis  faucibus  distinctis,  limbo  perbrevi  glabro ;  styli  ramis 
valde  clavatis  atropurpureis ;  achaeniis  fusco-atris  glabris  valde 
10-costatis  6  mm.  longis,  pappi  setis  20-25  laete  albis  subplumosis. 
—  Mexico:  on  hills  near  El  Salto,  Hidalgo,  16  September,  1901,  alt. 
2150  m.,  C.  G.  Pringle ,  no.  8621  (type  in  hb.  Gr.). 

A  species  remarkable  for  its  very  large  solitary  heads,  but  other¬ 
wise  possessing  all  the  characteristic  features  of  the  genus. 

Brickellia  pulcherrima,  spec.  nov.  Ilerbacea  erecta,  caule 
tereti  striatulo  purpureo  crispe  albo-puberulo  ;  foliis  anguste  lanceo- 
latis  superne  alternis  conduplicatis  patentibus  vel  reflexis  integris 
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longe  attenuates  acutis  basi  cuneatis  utrinque  viridibus  tenuissime 
pubescentibus  supra  basirn  trinervatis  5-7  cm.  longis  12  mm.  latis 
subsessilibus ;  capitulis  densissime  corymbosis  numerosis  1.5  cm.  altis 
9-tioris,  pedicellis  gracilibus  3-8  mm.  longis  gland uloso-puberulis, 
involucri  squamulis  paucis  linearibus  acutis  viridibus  striatis  laxe 
imbricatis  exterioribus  externe  puberulis,  interioribus  longioribus 
minutissime  ciliolatis  7  mm.  longis;  corollis  anguste  tubulosis  7  mm. 
longis  limbo  quinquifido  laete  roseis;  achaeniis  immaturis  5  mm. 
longis  stramineis  gracilibus  in  costis  10  prominulis  puberulis,  pappi 
setis  corollae  fere  aequantibus  purpurascentibus  barbellatis  circa 
30.  —  Mexico:  on  limestone  hills  at  Yautepec  near  Cuernavaca,  alt. 
1225  m.,  8  November,  1902,  C.  G-.  Pringle ,  no.  11,336  (type  in  hb. 
Or.);  also  no.  8753  collected  at  the  same  place  in  1903. 

Verbesina  gracilipes,  spec.  nov.  Fruticosa,  ramis  alternis  stri¬ 
atis  gracilibus  teretibus  exalatis  a  lenticellis  sparsis  scabridis,  ramulis 
tomentellis  alatis ;  foliis  oblanceolatis  vel  obovatis  integriusculis 
saepius  obtusis  vel  apice  rotundatis  basi  longe  attenuato  sessilibus 
modice  tenuibus  supra  saturate  viridibus  scabridis  subtus  pallidis 
molliter  griseo-pubescentibus  5—8  cm.  longis  1.3-2. 5  cm.  latis  pinnatim 
nervatis ;  pedunculis  2  vel  pluribus  subumbellato-corymbosis  4-7  cm. 
longis  gracilibus  teretibus  tenuiter  et  patente  pubescentibus,  capitulis 
{radiis  exclusis)  subglobosis  1.5  cm.  diametro,  involucri  squamulis 
pubescentibus  valde  inaequalibus  exterioribus  oblongis  vel  etiam 
aliquid  obovatis  obtusis  vel  obtusiusculis  patentibus  vel  reflexis 
interioribus  lanceolatis  erectis  adpressis ;  ?  tloribus  circa  12  pistilla- 
tis  sed  sterilibus,  ligulis  laete  flavis  lineari-oblongis  3  mm.  latis  tubo 
brevi  viridi  pubescenti ;  disci  tloribus  numerosis  in  receptaculo  valde 
convexo  ;  achaeniis  5  mm.  longis  obovoideis  vel  oblanceolatis  tubercu- 
loso-hispidulis,  alis  latis  albidis,  pappi  aristis  2  inaequalibus  quam  alae 
paulo  longioribus.  —  Mexico  :  on  tufa  bluffs  near  Telmacan,  Puebla, 
1  August,  1901,  alt.  1725  m.,  C.  G.  Pringle ,  no.  8582  (type  in  hb. 
Gr.) ;  also  in  same  locality  Pose  and  Hay ,  no.  5829. 

Near  V.  Liebmannii ,  Sch.  Bip.,  which,  however,  has  acute  serrate 
petiolate  leaves  with  different  pubescence.  F7  neriifolia ,  Hemsl.,  is 
also  a  related  species,  but  has  narrower  lanceolate  acute  much  more 
finely  pubescent  leaves.  V.  hypoglauca ,  Sch.  Bip.,  differs  in  the 
same  regards  and  has  opposite  leaves. 

Verbesina  hypsela,  spec.  nov.  Alta  erecta  verisirailiter  her- 
bacea,  caulibus  teretibus  glabris  purpurascentibus  medullatis,  inter- 


270  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 

nodiis  a  basibus  cuneatis  decurrentibus  petiolorum  alatorum  alatis ; 
foliis  alternis  profunde  et  regulariter  pinnatifidis  1-3  dm.  longis 
7-18  cm.  latis  supra  atroviridibus  glabris  laevissimis  subtus  tenuiter 
adpresso-pubescentibus,  rhachidibus  petiolisque  cum  alis  integris 
munitis,  nervo  medio  laeve  subtus  prominulo,  lobis  13-15  lanceolatis 

S  C  U 1  e  cartilagineo-denticulatis  in  margine 
aliquid  revoluto ;  panicula  magna  convexa  multicapitata,  ramulis 
alternis  gracilibus  tenuiter  pubescentibus,  bracteis  lanceolatis-lineari- 
bus  vel  linearibus,  capitulis  parvis  6  mm.  longis  graciliter  pedicellatis, 
involucro  anguste  campanulas ;  floribus  disci  circa  20,  tubo  corollae 
conspicue  sub  faucibus  constricto  pubescenti,  achaeniis  obovoideis 
basi  attenuatis,  pappi  aristis  duabus  tubo  corollae  superantibus  j 
fioribus  ?  3-4  pistillatis,  ligulis  albis  8  mm.  longis  basi  tubulosa 
pubescenti,  achaenio  abortivo.—  V.  pinnata ,  Robinson  &  Green- 
man,  Pioc.  Am.  acad.,  xxxv,  562,  not  Clark. —  Mexico :  on  plains 
of  Chiapas,  Dr.  Ghiesbreght,  no.  782;  flowering  in  November  and 
December. 

Nearly  i elated  to  V.  gigantea ,  Jacq.,  but  with  internodes  winged 
throughout,  leaf-divisions  more  numerous,  heads  more  slender-pedi- 
celled,  etc.  An  examination  of  the  type  material  of  \T.  pin/iata, 
Clark,  preserved  in  the  De  Candollean  herbarium,  at  Geneva,  shows 
it  to  be  a  plant  quite  distinct  from  this  with  leaves  scabrous  above 
and  merely  auriculate  not  decurrent  at  the  base. 

Bidens  tereticaulis,  DC.,  var.  indivisa,  var.  nov.  Foliis  indi- 
visis  oblongis  serratis  circa  8  cm.  longis  4  cm.  latis  ;  aliter  illisformae 
typicae  simillima.  Nicaragua :  Masaya,  Department  of  Masaya, 
27  January,  1903,  C.  F.  Baker ,  no.  2214  (type  in  hb.  Gr.) . 

Liabum  Tonduzii,  spec.  nov.  Robustum  lignosum  scandens, 
caule  cortice  griseo-fusco  cum  lenticellis  prominulis  sparsis  scabro, 
ramulis  pubescentia  brevi  fusca  dense  tectis  ;  foliis  rhomboideo-ovatis 
acuminatis  basi  acutiusculis  integerrimis  vel  mucronulato-serrulatis 
dm.  longis,  5—10  cm.  latis  supra  viridibus  et  pubescentia  brevi 
scabi iusculis  tectis  subtus  albis  tenuiterque  pubescentibus,  petiolo 
cm.  longo)  et  nerviis  (subpinnatis)  fusco-tomentosis ;  capitulis 
numeiosis  1.2  cm.  crassis  in  panicula  oppositiramea  fusco-tomentosa 
valde  convexa  gestis,  involucri  squamulis  oblongis  obtusis  sparse 
pubescentibus  tenuiter  marginatis,  exterioribus  multo  brevioribus; 
coiollis  glabi is  flavis,  tubo  longo  gracili,  faucibus  brevioribus; 
achaeniis  sericeis  pappo  copioso  fulvo  coronatis.  —  L.  aselepiadeum , 
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J.  D.  Smith,  Enum.  pi.  Gnat.,  v,  45,  as  to  no.  7064,  not  Sch.  Bip. — 
Costa  Rica:  in  thickets  on  the  banks  of  the  Rio  Yirilla,  San  Jose, 
Ad.  Tonduz,  January,  1896,  no.  9859  (also  no.  7064  of  the  exsic- 
catae,  of  Mr.  J.  1).  Smith). 

This  species  differs  from  X.  asclepiadeum,  Sch.  Bip.,  in  its  more 
ample  inflorescence,  larger  and  more  obtuse  involucral  scales,  as  well 
as  in  the  nature  of  the  pubescence.  It  differs  from  L.  polyanthum , 
Klatt,  still  more  copspicuously  in  its  short  pubescence  of  a  stiffish 
character,  which  remains  even  to  maturity  upon  the  upper  surface 
of  the  leaves.  In  L.  polyanthum  the  leaves  are  covered  above  by  a 
delicate  arachnoid  fugacious  pubescence. 


Printed ,  February,  1904. 
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Two  Classes  of  Radical  Trichomes. 

The  trichomes  which  arise  in  the  superficial  layer  of  the  root  of 
vascular  plants  as  organs  of  absorption  are  of  two  types.  Tri¬ 
chomes  of  one  kind  result  from  a  differentiation  of  the  meristematic 
cells  of  the  young  epidermis  near  the  apex  of  the  root ;  those  of  the 
other  class  have  a  simpler  origin.  The  more  commonly  recognized 
and  less  highly  specialized  type  will  be  first  described. 


1  Contributions  from  the  Ames  botanical  laboratory,  no.  2. 
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The  First  Type. 

Trichomes  of  the  first  type  are  characteristic  of  the  Dicotyledons, 
of  some  divisions  of  the  Monocotyledons,  and  of  the  Filices.  In 
these  groups,  as  a  rule,  any  cell  of  the  piliferous  layer  may,  at  a  cer¬ 
tain  stage  in  the  development  of  the  tissue,  acquire  the  character  of 
a  trichome  1  by  putting  out  a  hair.  All  the  cells  over  considerable 
areas  may  be  piliferous,  or  only  a  part  of  them,  determined  appar¬ 
ently  by  chance.  From  the  appearance  of  the  cells  of  the  young 
epidermis  it  is  not  possible  to  predict  which  ones  are  to  become 
trichomes.  Below  the  region  of  the  youngest  hairs  there  is  no  visi¬ 
ble  specialization  or  predetermination  of  the  future  trichomic  cells. 
Every  cell,  we  may  suppose,  is  a  potential  trichome.  The  actual 
fate  of  any  cell,  whether  it  shall  be  that  of  a  trichome  or  of  an 
atrichomic  element,  is  first  to  be  ascertained  in  the  young  fixed  tis¬ 
sue,  after  the  cells  have  undergone  a  considerable  extension,  and 
after  cell  division  has  altogether  ceased.  The  first  indication  of 
trichomic  development  is  the  appearance  of  a  papilla,  usually  near 
the  lower  or  distal  end  of  the  epidermal  cell,  that  is,  near  the  end 
lying  toward  the  apex  of  the  root. 

Distribution  of  the  first  type  in  vascular  Cryptogams  and  Angio- 
sperms. —  The  following  groups  have  been  investigated  with  respect 
to  the  species  named.  The  trichomes  in  these  species  are  not  prede¬ 
termined  in  the  nascent  epidermis  of  the  root,  so  far  as  can  be  seen. 


Filices. 

Hymen ophyllaceae  :  Trichomanes  sp. 

Cyatheaceae  :  Alsopliila  australis ,  A.  Cooperi ,  Cibotium  Schiedei , 
Cyathea  insignis ,  C.  medullaris,  C.  regalis,  Dicks  onia  antarc- 
tica ,  D.  davallioides. 

Polypodiaceae  :  Adiantum  aneitense ,  A.  Ccipillus-  Veneris ,  A.  cunea- 
tum,  A.  decorum ,  A.  gracillimum ,  A.  macrophyllum,  A.  Wie- 

1  It  seems  necessary,  in  describing  the  structures  under  consideration,  to  use 
the  word  trichome  for  the  whole  cell,  including  the  tube,  or  hair,  or  root-hair, 
and  the  basal  portion  imbedded  in  the  epidermis,  or  base.  The  adjective  tri¬ 
chomic  and  its  opposite  atrichomic  have  been  coined  for  convenience  in  the 
present  discussion. 
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gandi,  A.  Williamsii,  Aspidium  Jilix-mas,  A.  mar g inale,  A. 
molle ,  A.  trifoUatum ,  Asplenium  angulare,  A.  bidbiferum ,  A. 
decussatum,  A.  Trichomanes,  Blechnu.m  brasiliense,  B.  occiden¬ 
tals,  B.  spiccins ,  Cyrtomium  sp.,  Gymnogramme  sulphurea , 
Lomaria  gibba ,  Microlepia  hirta,  Bavallia  jvjiensis ,  Doodia 
rupestris ,  Neplirodium  Shepardii,  Nephrolepis  bulbifera ,  iV7 
davallioides ,  2V!  exaltata ,  Onoclea  sensibilis,  Pellaea  hastata, 
P/iegopteris  polypodioides,  Platycerium  Alcicorne ,  Polypo¬ 
dium  aureum ,  plectolepis ,  P.  vulgare ,  Pteris  aurata,  P. 

cretica ,  P.  pedata ,  P.  serrulata,  P.  tremula,  Scolopendrium 
vulgare,  Woodsia  obtusa,  Wood  war  dia  angusti  folia. 
Osraundaceae  :  Osmunda  regalis. 

Marattiaceae  :  Angiopteris  evecta ,  Afarattia  alatct. 

In  Ophioglossum  vulgatum  and  Botrychium  ternatum  (the  only 
members  of  the  Ophioglossaceae  the  roots  of  which  were  seen)  no 
trichomes  could  be  found. 

The  available  species  of  the  family  Schizaeaceae  were  exceptional 
amongst  the  Filices  examined  in  bearing  trichomes  of  the  second 
type.  This  case  will  be  described  below. 


Hydropterideae. 

Marsiliaceae  :  Afarsilia  quadrifolia ,  AT.  ( uncinata  ?). 

In  Azolla,  the  epidermis  of  the  root  has  a  somewhat  complicated 
development,  which  is  fully  described  below.  Salvinia  is  without 
roots,  if  we  except  the  transitory  root  of  the  sporeling,  which  I 
have  not  seen. 


Monocotyledons. 

In  a  large  number  of  Monocotyledons  the  hairs  are  borne  by 
special  cells  predetermined  at  an  early  stage,  in  the  manner  to  be 
described  below.  The  Liliiflorae,  however,  with  but  slight  excep¬ 
tion,  the  Spadiciflorae  in  the  main,  and  numerous  examples  from 
other  subdivisions  of  the  Monocotyledons,  present  trichomes  of  the 
first  type  only.  The  species  in  which  I  have  determined  this  to  be 
the  case  are  the  following  :  — 
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Glumiflorae. 

Gramineae  :  Br achy podium  distachyon ,  Coix  agrestis ,  C.  lachryma, 
Eleusine  corneana,  Oryza  saliva,  Sporobolus  airoides ,  S. 
cryptandrus. 

About  50  species  of  grasses  were  examined.  Only  the  seven 
named  were  assigned  to  the  class  in  which  they  are  here  put ;  and 
in  several  of  these  there  was  much  doubt,  and  the  determination 
was  made  provisionally.  This  matter  will  be  further  discussed 
below  under  Gramineae  (p.296). 

Spadiciflorae. 

Palmae.  Of  the  palms  examined  only  one  had  root-hairs.  This 
was  Oreodoxa  regia.  On  the  roots  of  seedlings  a  few  hairs 
were  found.  They  come  from  ordinary  elongated  epidermal 
cells.  Gillain  has  examined  the  roots  of  many  Palmae.  The 
epidermis  was  one  of  the  parts  to  which  special  attention  was 
paid.  In  summarizing  the  results  of  this  study  of  thirty-five 
species  of  palms  he  says  of  the  epidermis :  “  It  is  retained  only 
on  the  smaller  parts  of  the  roots,  and  then  shows  elongated 
cells,  whose  outer  membrane  is  more  or  less  strongly  cuticu- 
larized.  Only  in  Trachy carpus  excelsus  are  hair  formations 
and  papillae  present,  such  as  Mohl  has  reported  for  Diplothem- 
ium  maritimum ” 1 

Cyclanthaceae :  Carludovica  atrovirens. 

Typhaceae  :  Sparganium  sp.,  Typha  latifolia. 

Araceae:  Aglaonema  picta,  Anthurium  Dechar di ,  A.  magnijicum , 
Arisaema  triphyllum ,  Caladium  esculentum,  Dieffenbachia 
picta,  Zantedeschia  aethiopica. 

Liliiflorae. 

Liliaceae :  Allium  narcissiflorum,  A.  cepa,  Anthericum  Bernarnii, 

Asparagus  plumosus,  A.  truophinus ,  Brodiaea  congesta, 

% 

1  Gillain,  G.:  Beitriige  zur  anatomie  der  palmen-  u.  pandanaceen-wurzeln. 
Bot.  central!).,  83  :  337  (1900). 
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Dianella  coerulea ,  I).  revoluta,  F unhid  c-vata ,  Hyacinthus 
amethystinus,  Lilium  longiflormn ,  L.  speciosum ,  Muscari 
Argaei ,  Xanthorrhoea  arbor ea,  Xerotes  longi folia. 
Convallariaceae  :  Aspidistra  lurida ,  Cordyline  stricta,  Dracaena 
nutans ,  D.  hybrid,  Polygonatum  biflorum,  Yucca  angustifolia. 
Amaryllidaceae  :  Amaryllis  amethystinus ,  JEucharis  amazonica , 
Hypoxis  erecta,  Leucojum  autumnale ,  Pancratium  ovatum. 
Bromeliaceae  :  Billbergia  Ijeopoldii,  B.  Quesneliana ,  Nidularium 
argenteum ,  Tillandsia  Lindenii. 

Iridaceae  :  Freesia  refracta ,  TWs  Histrio ,  Z  jyseudacorus ,  Zcm  sp., 
Moraea  JRobinsoniana ,  Sisyrinchium  atlanticum ,  TB/isoma 
Ardernei. 

The  tegumentary  tissues  of  the  root  were  carefully  examined  and 
described  by  Juel  for  a  large  number  of  the  Liliillorae  representing 
42  genera.  He  makes  no  mention  of  specialized  hair-cells  in  this 
group,  although  he  noted  several  instances  in  other  groups.  This 
negative  evidence  is  in  agreement  with  my  own  observations.  In 
the  Liliillorae  in  general  the  trichomes  are  of  the  unspecialized  type. 


Gynandrae. 

The  trichomes  are  sometimes  predetermined,  as  in  Pogonia 
ophioglossoides  and  other  species  mentioned  below ;  but  in  many 
and  probably  in  most  of  the  Orchidaceae,  any  cell  of  the  external 
layer  may  put  out  a  root-hair  as  in  Goody  era  tesselata ,  Liparis 
Loeselii ,  Odontoglossum  luteo-purpureum ,  Selenipedium  Sedenii , 
Vanda  tricolor ,  and  Vanilla  planifolia.  In  the  Orchidaceae 
generally  the  tegumentary  apparatus  is  highly  modified.  Of 
especial  interest  in  connection  with  the  occurrence  of  tricho- 
blasts  in  several  terrestrial  species,  is  the  character  of  the  exodermal 
layer  in  the  species  the  roots  of  which  are  provided  with  a  velamen. 
The  exoderm  as  constituted  in  these  members  of  the  group  will  be 
considered  in  another  place. 

Dicotyledons. 

The  Dicotyledons,  with  the  exception  of  a  single  aberrant  group, 
the  Nymphaeaceae,  to  be  discussed  later,  agree  among  themselves  in 
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the  character  of  the  epidermis  of  the  root.  The  cells  composing  the 
superficial  tissue  in  any  given  root  are  of  generally  uniform  appear¬ 
ance  in  the  younger  stages.  Root-hairs  arise  indiscriminately  from 
all  or  any  of  the  cells,  after  cell  division  has  ceased  and  the  cells 
have  elongated.  While  the  structural  peculiarities  to  be  found  in 
Brasenia,  Cabomba,  Nuphar,  and  Nymphaea  are  probably  attributa¬ 
ble  indirectly  to  the  aquatic  habit,  it  is  instructive  to  find  that  aside 
from  the  genera  named,  none  of  the  numerous  aquatic  Dicotyledons 
studied  exhibits  the  same  modifications. 

The  species  which  have  been  examined,  arranged  under  the  fam¬ 
ilies  to  which  they  belong,  are  as  follows :  — 

Casuarinifiorae  :  Casuarina  equisetifolia. 

Urticifiorae  :  TJrtica  dioica,  Cannabis  sativ a. 

Polygoniflorae  :  Peperomia  sp.,  Polygonum  Muhlenbergii ,  Rumex 
Acetosella. 

Curvembryae :  Beta  vulgaris ,  Buda  marina ,  Dianthus  Caryo- 
phyllus,  Salicornia  herbacea ,  Spinacea  oleracea,  Sueda 
linearis . 

Polycarpicae  :  Ranunculus  aquatilis  var.  trichophyllus. 
Rhoeadinae:  Cardamine  hirsuta ,  Nasturtium  officinale,  Papaver  sp. 
Cistiflorae:  Prosera  rotundifolia ,  P.  intermedia ,  Elatine  ameri- 
cctna,  Sarracenia  hybrid,  Viola  blanda,  V.  primulaefolia. 
Gruinales  :  Linum  flavum ,  Oxalis  sp. 

Tricoccae  :  Callitriche  verna ,  Euphorbia  Poinsettia. 

Aesculinae :  Acer  saccharinum. 

Frangulinae:  Vitis  sp. 

Thymelaeinae :  Grevillea  sp. 

Saxifraginae :  Bryophyllum  calycinum ,  Chrysosplenium  america- 
num. 

Rosiflorae  :  Rubus  sp.,  Spiraea  astilbeoides. 

Leguminosae :  Phaseolus  mdgaris. 

Passiflorinae  :  Bego?iia  Rex ,  B.  metallica. 

Myrti florae  :  Ludwig ia  Mullertii,  Ly thrum  Salicaria,  Myriophyl- 
lum  ambiguum ,  Proserpinaca  palustris ,  P.  pectinacea. 
Umbelliflorae :  Paucus  Carota,  Cicuta  sp. 

Hysterophyta :  Aristolochia  elegans. 

Primulinae  :  Ly simacliia  stricta. 

Personatae:  Pinguicula  lutea ,  Mimulus  r ingens,  Strobilanthes 
Pyerianus ,  Veronica  scutellata. 
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Nuculiferae  :  Coleus  sp.,  Myosotis  palustris,  Scutellaria  lateriflora. 
Contortae :  Limnanthemum  nymphaeoides ,  L.  sp.,  Menyanthes 
trifoliata,  Sabbatia  sp. 

Campanulinae  :  Lobelia  Dortmanna ,  L.  cardinalis. 

Synandrae :  Aster  sp. 

Trichomes  of  the  Second  Type. 

Trichomes  of  the  second  type  originate  early  in  the  development 
of  the  piliferous  layer  as  specialized  elements.  Only  cells  which 
are  predetermined  for  the  purpose  in  the  young  epidermis  bear 
root-hairs.  Differentiation  begins  with  an  act  of  division  taking 
place  in  a  cell  of  the  embryonic  tissue  near  the  growing  point. 
The  nucleus  assumes  a  position  away  from  the  center,  toward 
one  end  of  the  cell  (pi.  17,  fig.  31,  T).  After  the  completion  of 
nuclear  division  the  new  transverse  wall  cuts  off  a  segment  which 
in  many  cases  comprises  no  more  than  a  fourth  or  even  a  fifth  of  the 
original  cell.  The  segmenting  wall  is  often  curved,  whether  viewed 
in  longisection  or  tangentially  (pi.  16,  figs.  20,  21).  It  is  often 
oblique,  so  that  the  segment  in  question  appears  more  or  less  wedge- 
shaped.  The  new  cell  is  at  once  seen  to  differ  from  its  larger  sister 
cell  in  its  optical  and  staining  qualities.  In  the  living  state  the 
shorter  cell  appears  more  highly  refractive.  Its  cytoplasm  and 
nucleus  stain  more  deeply  in  prepared  sections. 

By  the  division  of  the  original  epidermal  cell,  therefore,  there  is 
effected  a  differentiation  which  is  manifested  immediately  in  the  size, 
shape,  and  contents  of  the  two  resulting  cells.  The  subsequent 
development  of  these  two  elements  fulfils  the  expectation  which  may 
be  formed  from  their  initial  differences,  the  anticipation  that  they 
will  play  very  dissimilar  parts,  structurally  and  functionally,  in  the 
mature  epidermis.  The  larger  cell  of  the  pair  elongates  considerably, 
sometimes  enormously.  In  many  cases  it  habitually  divides  trans¬ 
versely,  once  or  several  times  (pi.  16,  fig.  9).  It  is  non -piliferous. 
The  shorter  and  denser  cell,  on  the  contrary,  elongates  but  little  as 
a  rule.  It  very  seldom  divides  transversely.  Very  soon,  in  the 
zone  of  increasing  elongation  of  the  young  root  trunk,  it  becomes 
papillate,  and  later  piliferous  (pi.  16,  fig.  1-3). 

The  shorter,  often  wedge-shaped,  often  lenticular,  and  generally 
denser  segments  resulting  from  differentiating  divisions  in  the 
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embryonic  epidermis  are  thus  the  primordia  of  the  trichomes.  For 
the  sake  of  brevity  I  shall  apply  to  them  in  this  paper  a  distinc¬ 
tive  term,  and  shall  speak  of  them  as  trichoblasts. 

The  distance  from  the  apex  at  which  trichoblasts  begin  to  appear 
varies  with  the  size  of  the  root  and  the  rapidity  of  growth.  I  have 
often  found  them  forming  within  10  or  12  cells  of  the  growing  point, 
in  the  case  of  rootlets  line  enough  to  be  studied  without  sectioning 
(pi.  18,  fig.  71). 

In  the  greater  number  of  cases,  the  trichoblast  is  cut  from  the 
upper  or  proximal  (basal)  end  of  the  mother  cell,  e.  g.,  Aneimia 
adiantifolia  (pi.  16,  fig.  1),  Isoetes,  Selaginella,  Lycopodium,  Lim- 
nocharis,  Commelina,  Nymphaea;  in  some  cases,  however,  from  the 
lower,  e.  g.,  Azolla,  Juncus,  Luzula,  Scirpus,  Alopecurus  (pi.  18,  fig. 
65). 

The  relative  sizes  of  the  trichoblast  and  the  atrichomic  sister  cell 
vary  in  different  groups  of  plants,  and  to  some  extent  even  in  the 
same  species.  The  disparity  may  be  slight,  as  in  many  Gramineae 
(pi.  18,  fig.  68). 

In  Azolla  it  would  appear  from  the  ascertained  position  of  the 
newly  formed  daughter  nuclei  and  of  the  connecting  fibers  that  the 
axis  of  the  mitotic  figure,  in  the  mitosis  giving  rise  to  the  tricho¬ 
blast,  is  inclined  (pi.  16,  fig.  5).  In  Azolla,  Lycopodium,  and  prob¬ 
ably  in  other  cases,  the  obliquity  of  the  segmenting  wall  is  fixed  in 
the  process  of  cell  division.  It  is  not  due  to  subsequent  changes  in 
the  forms  of  the  cells. 

In  most  species  of  Lycopodium  the  division  wall  does  not  extend 
to  the  inner  face  of  the  mother  cell,  but  abuts  internally  upon  the 
proximal  end  wall  of  the  cell  (pi.  16,  fig.  20).  The  trichoblast 
therefore  has  a  sharp  inner  edge,  and  appears  like  a  wedge  inserted 
between  two  adjacent  epidermal  cells.  It  was  mainly  this  peculiar¬ 
ity  which  drew  the  attention  of  the  earlier  anatomists  to  the  special¬ 
ized  character  of  the  hair-cells  in  Lycopodium,  while  the  no  less 
specialized  structures  to  be  found  in  so  many  groups  have  escaped 
general  notice.  Nageli  and  Leitgeb  explained  the  origin  of  the 
trichomes  in  Lycopodium  (see  note  under  Lycopodium  below). 
They  neglected  the  almost  equally  striking  trichoblastic  elements 
of  the  young  root  of  Equisetum,  the  development  of  which  root 
they  described  in  detail.  De  Bary  (Comparative  anatomy,  1884,  p. 
60)  says:  “Only  in  Lycopodium  can  special  hair-cells  be  distin- 
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guished  from  the  other  epidermal  cells  of  the  root.”  A  few  notices 
of  special  hair-cells,  observed  in  several  plants,  but  without  state¬ 
ments  as  to  their  origin,  are  to  be  found.  The  distribution  of  these 
structures  in  vascular  plants  seems  not  heretofore  to  have  been  con¬ 
sidered. 

In  some  plants  the  trichoblast  not  infrequently  undergoes  trans¬ 
verse  division.  Two  or  more  trichomes  may  then  stand  in  succes¬ 
sion  in  the  same  longitudinal  cell  series.  In  a  few  cases  the 
trichoblast  frequently  or  regularly  divides  longitudinally  once  (some 
species  of  Lycopodium,  Luzula,  Anigozanthos),  or  twice  successively 
(Lycopodium,  Lachnocaulon).  In  this  way  groups  of  2,  3,  or  4 
trichomes,  standing  side  by  side,  are  formed  (pi.  16,  fig.  22;  pi.  17, 
fig.  55;  pi.  18,  figs.  75,  84)  intercalated  between  the  ends  of  neigh¬ 
boring  non-piliferous  cells.  But  in  general,  trichoblasts  and  the 
resulting  trichomes  stand  singly  amongst  the  other  elements  of  the 
superficial  layer. 

The  atrichomic  segment  may  or  may  not  divide.  For  example, 
in  Lycopodium  the  non-piliferous  cells  never  divide  so  far  as  I  have 
seen.  In  the  maturer  tissue,  therefore,  the  trichomes  occur  regularly 
alternating  with  elongated  hairless  cells.  In  some  groups,  however, 
the  latter  at  an  early  stage  divide  transversely  and  the  transverse 
divisions  are  made  in  an  orderly  manner.  In  these  cases  the  tri¬ 
chomes  occur  at  regular  intervals  in  the  longitudinal  rows,  inter¬ 
spaced  as  a  rule  by  a  given  number  of  elongated  cells.  The  most 
pronounced  instance  observed  is  that  of  Azolla,  in  which  the  uni¬ 
formity  of  the  divisions  in  different  longitudinal  rows  often  gives  a 
zonal  arrangement  of  the  trichomes.  The  figures  of  Isoetes  may 
also  be  referred  to  in  this  connection  (pi.  17,  fig.  23-26). 

Speaking  generally  of  those  groups  and  species  in  which  tri¬ 
chomes  of  the  second  type  occur,  the  formation  of  trichoblasts  is 
not  an  inevitable  event  in  the  development  of  the  epidermis.  They 
may  be  more  or  less  extensively  intermitted  for  a  time.  They  seem 
to  be  called  out  by  some  stimulus  in  the  substratum.  When  the 
stimulus  is  inoperative  the  trichoblasts  are  not  formed.  In  this 
event  the  roots  are  hairless.  Thus  Elodea  is  mentioned  by  De  Bary 
as  being  destitute  of  root-hairs.  Yet  under  proper  conditions  tri¬ 
chomes  are  produced.  They  are  of  trichoblastic  origin.  Nymphaea, 
also,  is  often  given  in  the  textbooks  as  a  plant  without  root-hairs. 
But  these  organs  may  be  found  in  abundance,  borne  by  differentiated 
cells,  on  roots  rapidly  growing  in  soil  rich  in  nutritive  matter. 


282  PROCEEDINGS :  BOSTON  SOCIETY  NATURAL  HISTORY. 

The  trichoblast,  even  when  formed,  does  not  always  become  a 
trichome.  It  may  remain  short  without  putting  out  a  hair,  or  it  may 
become  somewhat  elongated  and  resemble  an  atrichomic  cell.  A 
singular  outcome  is  to  be  seen  in  Nymphaea,  in  which  trichoblasts 
which  are  not  to  be  piliferous  become  suppressed  and  are  overlaid 
by  the  conjoined  ends  of  the  elongated  cells  standing  next  above 
and  below  in  the  row. 

The  base  of  the  mature  trichome  is  characteristically  short  when 
compared  with  the  adjacent  non-piliferous  cells.  It  is  often  strongly 
wedge-shaped  (Aneimia,  Equisetum,  tielaginella  rupestris,  Lycopo¬ 
dium,  Sagittaria,  Naias).  Its  inner  wall  is  often  pushed  out  under 
the  extremities  of  the  contiguous  cells  of  the  same  row,  as  in  many 
of  the  Helobieae,  notably  in  Naias  (pi.  17,  fig.  42).  In  Naias,  Po- 
tamogeton,  and  Cymodocea,  Sauvageau  has  observed  that  the 
piliferous  cells  persist  after  the  other  external  cells  have  fallen 
away.  The  base  of  the  trichome  sometimes  presses  in  upon  and 
displaces  the  underlying  cortical  cells,  as  in  Limnobium  iSponqia 
(pi.  17,  figs.  49,  51). 

The  nucleus,  along  with  much  protoplasmic  matter,  often  lies  in 
the  basal  part  of  the  cell  (pi.  17,  figs.  48,  51).  This  is  in  contrast  to 
the  condition  prevailing  in  trichomes  of  the  first  type,  where,  after 
the  growth  of  the  hair  is  completed,  the  nucleus  takes  up  a  position 
about  midway  of  the  tube,  as  a  lenticular  body  adherent  to  the  wall. 
The  nucleus  of  the  trichoblast  may  be  very  much  larger  than  the 
nucleus  of  the  surrounding  cells,  as  in  Limnobiiwn  Spongia  (pi.  17, 
fig.  49).  The  walls  of  hair-cells  of  this  type  are  often  darker 
colored  than  the  walls  of  the  non-piliferous  cells. 

In  those  species  in  which  the  trichomes  are  of  the  specialized 
character  described  above,  the  epidermis  of  the  root  is  thus  composed 
of  two  very  different  elements.  The  development  of  this  complex 
integument  may  be  described  as  follows.  Beginning  with  the  parts 
nearest  the  apex,  we  have  first ,  a  short  zone  of  cells  undergoing 
equating  divisions;  second ,  a  region  in  which  by  differentiating 
divisions  the  trichoblasts  are  cut  off  in  a  generally  acropetal  suc¬ 
cession  ;  third ,  a  zone  in  which  the  atrichomic  cells  elongate  and 
divide  transversely  (though  division  may  be  characteristically  absent); 
in  this  zone  the  trichoblasts  may  become  papillate ;  finally  a  fourth 
region,  where,  with  the  completion  of  division,  the  tissues  of  the  root 
rapidly  elongate,  the  root-hairs  grow  to  their  full  size,  and  the  layer 
becomes  fixed. 
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It  is  noteworthy  that  when  trichoblasts  are  formed  the  other  epi¬ 
dermal  cells  do  not  put  out  hairs.  In  species  characteristically  tri- 
choblast-bearing,  even  when  these  organs  are  absent  no  root-hairs 
appear. 

It  would  seem  that  in  certain  groups  and  species  of  plants  the 
capability  of  receiving  and  responding  to  the  stimulus  which  initiates 
the  formation  of  root-hairs  is  strictly  localized  in  a  portion  of  the  der- 
matogen  very  near  the  extremity  of  the  root  trunk.  Could  we  follow 
the  protoplasmic  movements  within  the  cells  of  this  region,  the  first 
visible  response  would  probably  be  the  transference  of  the  nucleus 
from  its  usual  central  position  to  a  station  nearer  one  of  the  end 
walls.  The  first  sign  of  activity  manifest  upon  an  inspection  of  the 
living  tissues,  however,  is  the  existence  of  new  transverse  walls 
peculiarly  situated,  as  already  described.  These  operations  in  the 
meristematic  zone,  with  their  proper  sequel  in  the  further  develop¬ 
ment  of  the  trichoblasts,  appear  to  be  the  only  mode  in  which  large 
numbers  of  plants  are  able  to  react  structurally  to  the  stimuli  which 
call  forth  root-hairs. 


Distribution  of  Trichomes  of  the  Second  Type  in  Vascular 

Cryptogams  and  Angiosperms. 

General  distribution.  —  Hair-cells  of  trichoblastic  origin  are  found 
in  the  Schizaeaceae  amongst  Filices,  in  Equisetum,  in  Azolla,  in 
Lycopodium  and  Phylloglossum,  in  Isoetes,  and  in  Selaginella;  in 
all  the  Helobieae  examined,  in  nearly  all  the  Glumiflorae  examined, 
in  some  of  the  Spadiciflorae,  in  the  Enantioblastae,  in  one  genus  of 
the  Liliiflorae,  in  several  orders  of  Scitamineae,  in  several  terrestrial 
orchids  among  the  Gynandrae ;  and  finally  in  the  Nymphaeaceae, 
where  their  occurrence  is  associated  with  an  epidermal  arrangement 
anomalous  amongst  Dicotyledons. 

Distribution  of  the  second  type;  description  of  examples  in  the 
larger  groups.  — The  origin,  development,  and  anatomical  characters 
of  trichomes  of  this  type  are  now  to  be  described  in  detail  in  connec¬ 
tion  with  the  groups  and  species  in  which  they  have  been  found  to 
occur,  either  by  myself  or  by  observers  who  will  be  named.  Species 
given  without  comment  are  species  in  which  the  hair-cells  are  prede¬ 
termined,  but  of  which  nothing  further  need  be  said. 
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Filices. 

In  most  of  the  true  ferns,  the  roots  of  which  were  studied,  the 
hair-cells  are  ordinary  epidermal  cells.  A  list  of  the  species  is  given 
above.  The  following  proved  exceptional  : 

Schizaeaceae :  Aneimia  adianti  folia,  A.  fraxinifolia,  Lygodium 
dichotomum. 

Aneimia  adianti  folia  (pi.  16,  fig.  1—3).  —  In  sections  of  a  cer¬ 
tain  actively  growing  root,  the  cap  extends  over  about  40  cells  of  the 
epidermis,  counting  in  a  single  longitudinal  cell  series.  At  its  edge 
the  hair-cells  appear  in  longisection  as  short,  somewhat  wedge-shaped, 
dark  cells,  whose  outer  walls  project  somewhat  from  the  general  sur¬ 
face  of  the  epidermis.  Following  the  layer  toward  the  apex,  a  series 
of  cell-pairs  can  be  seen,  ending  with  the  22d  cell  from  the  growing 
point.  Here  by  a  recent  transverse  division  the  first  of  the  cell-pairs 
has  been  formed  from  a  mother  cell,  the  distal  member  being  the 
longer  in  the  ratio  of  2:  1.  The  proximal,  shorter,  and  very  slightly 
wedge-shaped  cell  is  the  trichoblast. 

A  few  cells  back  of  the  root-cap,  the  atrichomic  cells  are  seen  in  a 
much  elongated  condition  (pi.  16,  fig.  2).  The  trichoblasts  have 
become  elongated  to  a  less  degree,  and  are  broadly  triangular  in  out¬ 
line.  As  they  develop,  the  hairs  are  directed  obliquely  toward  the 
root  tip.  The  base  of  the  trichome  is  wedge-shaped. 

Only  the  three  species  of  the  Schizaeaceae  named  above  were 
available  for  examination.  They  agree  very  closely  in  the  appear¬ 
ance  of  their  trichomes. 


Hydropterideae. 

Azolla  caroliniana  and  A.  filiculoides  agree  in  the  origin  and 
character  of  their  root-hairs. 

The  root  is  provided  with  a  root-cap  of  two  cell  layers.  The  outer 
is  much  the  shorter  and  except  at  the  apex  is  separate  from  the  inner. 
The  latter  forms  at  first  a  close  covering  for  the  trunk.  The  initials 
of  the  trichomes  arise  within  a  belt  of  actively  dividing  cells,  lying 
immediately  under  thQ  inner  root-cap,  not  far  from  the  apex,  at  an 
actual  distance  varying  with  the  rate  of  growth  of  the  terminal  region 
(pi.  16,  fig.  4,  T).  The  division  is  oblique.  Only  the  final  stage 
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of  nuclear  division  was  obtained  in  sections.  At  this  stage,  however, 
the  obliquity  of  the  new  cell  wall  is  already  determined  (pi.  16,  fig. 
5,  d).  Of  the  two  more  or  less  wedge-shaped  elements  so  formed, 
the  lower  and  slightly  larger  one  is  the  hair  initial  or  trich oblast. 
As  the  root  reaches  the  limit  of  its  development,  the  hair-forming 
impulse  travels  downward  until  the  apical  cell  itself  is  split  into 
several  parts,  each  piliferous. 

The  trichoblast  never  elongates  much  in  a  direction  parallel  to 
the  length  of  the  root.  It  may  divide  transversely  once,  as  in  rare 
instances  two  trichomes  are  found  standing  in  succession.  The  tube, 
which  presently  begins  to  grow  out,  turns  toward  the  root  apex  (pi. 
16,  figs.  7,  8,  9).  As  the  hairs  lengthen  they  at  first  lie  appressed 
to  the  root  and  may  be  seen  confined  by  the  inner  cap,  which  is  now 
pushed  away  from  the  root  trunk.  The  whole  cap  structure  is  finally 
thrown  off  through  the  growth  of  the  lower  hairs,  and  the  hairs 
themselves  standout  strongly  (pi.  16,  fig.  11).  Their  bases  retain 
the  wedge  form  of  the  original  hair  initial  (pi.  16,  fig.  10). 

Soon  after  their  organization,  the  hair  initials  are  to  be  distinguished 
from  the  cells  with  which  they  alternate  by  their  contents  no  less 
than  by  configuration,  since  they  are  more  richly  supplied  with  pro¬ 
toplasm  (pi.  16,  fig.  6).  In  the  younger  portion  of  the  root  the 
transverse  divisions  of  the  piliferous  layer  are  very  uniform.  The 
cells  therefore  stand  in  fairly  regular  and  continuous  zones.  This 
arrangement  is  manifested  by  the  young  hairs  (pi.  16,  fig.  8). 

The  lesser  wedge-shaped  cell  produced  simultaneously  with  the 
hair  initial  elongates  and  soon  divides  transversely  (pi.  16,  figs.  7,  9) 
once,  twice,  and  often  three  times.  The  trichomes  in  each  longitu¬ 
dinal  cell  row  thus  become  separated  by  two,  four,  or  eight  cells. 
The  intervening  cells  may  be  six,  however.  The  number  of  divisions 
in  neighboring  rows  may  be  different ;  and  through  the  resulting 
displacements  the  original  regularity  of  the  hair  zones  is  destroyed 
(pi.  16,  fig.  11). 


Equisetinae. 

Equisetum  arvense  (pi.  16,  fig.  12-15). —  The  trichoblast  may 
be  seen  under  the  root-cap  in  the  longisection  of  the  root,  as  narrow, 
proximal  segments  of  lately  divided  epidermal  cells  (pi.  16,  fig-  12), 
the  wall  of  division  often  being  curved  toward  the  apex  of  the  root, 
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as  it  meets  the  outer  wall  of  the  mother  cell.  The  somewhat  older 
trichoblasts  are  wedge-shaped  (pi.  16,  fig.  13),  and  this  form  is  seen 
in  the  trichome  (pi.  16,  fig.  15).  In  superficial  view,  at  a  point 
immediately  back  of  the  cap,  the  trichoblasts  appear  strongly  convex 
laterally  and  somewhat  wider  than  the  atrichomic  cells  (pi.  16,  fig. 
14  ).  At  times  the  piliferous  and  non-piliferous  elements  alternate 
regularly ;  at  other  times  the  trichomes  are  found  scattered  irreg¬ 
ularly.  The  hair  is  at  first  directed  obliquely  toward  the  apex  of 
the  root. 

All  the  species  seen  agree  closely  in  the  character  of  their  tri¬ 
chomes.  The  following  were  examined  :  Equisetum  arvense ,  E. 
debile ,  E.  diffitsum,  E.  hyemale ,  E.  limosum ,  E.  litorale,  E.  ram- 
osissi??ium,  E.  scirpoides ,  E.  variegatum. 


Lycopodinae. 

Lycopodium. —  Nageli  and  Leitgeb  1  describe  the  origin  of  the 
trichomes  in  Lycopodium  clavatum.  From  this  account,  which  is 
illustrated  by  diagrammatic  figures,  we  learn  that  the  trichomes  first 
appear  under  the  root-cap  in  the  form  of  wedge-shaped  portions  cut 
off  by  oblique  walls  from  the  basal  half  of  the  young  epidermal  cells. 
These  wedge-shaped  cells  divide  from  one  to  three  times,  by  walls 
at  right  angles  to  the  oblique  wall,  to  form  from  2  to  4  adjacent  cells, 
each  of  which  grows  out  into  a  root-hair,  while  the  remaining  part 
of  the  original  epidermal  cell  at  once  elongates.  Sometimes  only  a 
corner  of  the  epidermal  cell  is  cut  off,  in  which  case  but  one  hair  is 
formed. 

The  same  history  is  to  be  given  for  several  native  species  of 
Lycopodium  which  I  have  examined  ;  viz.,  for  L.  annotinum ,  X. 
dendroideum ,  L.  lucidulum ,  X.  obscurum ,  X.  sabinaefolium ,  and 
X.  sitchense.  Lycopodium  inundatum ,  however,  departs  from  the 
usual  type.  This  species  and  X.  lucidulum  are  now  to  be  described 
in  detail,  with  the  reproduction  of  drawings  from  nature. 

Lycopodium  inundatum  (pi.  16,  fig.  16-19). —  In  the  develop¬ 
ment  of  the  epidermis  the  differentiation  of  the  trichomes  begins 
within  a  veiy  short  distance  of  the  apex.  In  a  typical  case  the  first 

1  Nageli  &  Leitgeb  :  Enfktehung  unci  wachsthum  der  wurzeln.  C.  Nageli's 
Beitriige  zur  wissenschaftlichen  botanik,  4  (1868). 
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differentiating  division  was  observed  to  have  taken  place,  in  a  cer¬ 
tain  row,  in  the  12th  cell  from  the  growing  point,  under  the  root- 
cap  (pi.  16,  fig.  16).  The  cell  was  tabular,  half  as  long  as  high 
(radially).  A  straight  transverse  dividing  wall  had  been  laid  down 
separating  the  original  cell  into  two  almost  equal  parts,  representing 
the  first  stages  of  the  atrichomic  and  trichomic  components  of  the 
epidermis.  That  the  two  segments  are  often  nearly  equal  was  ascer¬ 
tained.  As  a  rule,  however,  the  basal  or  proximal  segment  is  the 
shorter.  In  general,  the  division  wall  is  curved  toward  the  root 
apex  as  it  approaches  the  exterior.  Not  infrequently  its  position  is 
somewhat  oblique,  and  the  resulting  segments  are  therefore  some¬ 
what  wedge-shaped. 

The  proximal  segment  is  the  more  highly  refractive  in  appearance, 
and  a  short  time  after  its  formation  its  contents  become  dark  and 
granular.  As  a  rule  it  elongates  little  with  the  growth  of  the  tissue. 
This  cell  is  the  trich oblast.  The  distal  cell  of  the  pair  very  soon 
becomes  turgid  and  convex,  pressing  in  upon  its  sister  cell,  and  in 
contrast  to  the  latter,  rapidly  elongates,  ultimately  attaining  to  many 
times  its  original  length.  The  epidermis  thus  consists  of  two  kinds 
of  cells,  not  remarkably  unlike  at  the  moment  of  their  derivation 
from  common  mother  cells,  but  exhibiting,  even  before  they  have 
escaped  from  under  the  short  root-cap,  a  strong  contrast  in  size,  form, 
and  contents. 

At  a  little  distance  back  of  the  root-cap,  the  trichoblasts  develop 
into  trichomes.  The  incipient  hair,  as  a  papilla  in  which  the  nucleus 
often  lies,  at  first  turns  towards  the  root  apex  (pi.  16,  fig.  17).  The 
base  of  the  mature  trichome  is  often  much  compressed  between  the 
convex  ends  of  the  adjacent  elongated  cells,  but  spreads  out  where 
it  abuts  upon  the  subjacent  cortical  layer,  as  well  as  externally,  at 
the  foot  of  the  tube  (pi.  16,  figs.  17,  18). 

The  trichoblast  commonly  does  not  divide  longitudinally,  although 
instances  of  such  division  may  be  found.  The  hairs  are  therefore 
borne  singly,  as  a  rule.  When  the  trichome  is  viewed  in  tangential 
section  it  is  seen  that  the  hair  emerges  somewhat  laterally.  The 
hair  occupies  the  position  that  one  of  the  two  hairs  would  hold, 
had  the  trichoblast  divided  longitudinally  for  the  production  of  a 
pair  of  trichomes.  This  peculiarity  is  interesting,  for  it  is  found  in 
other  species  of  Lycopodium  when  the  trichoblast  remains  undivided. 

The  lateral  position  of  the  hair  upon  the  trichome  base  is  charac- 
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teristic  of  some  other  groups,  for  example,  some  Monocotyledons, 
where  it  occurs  along  with  occasional  longitudinal  splitting  of  the 
trichoblasts  (pi.  18,  fig.  86). 

A  single  case  of  transverse  division  of  a  trichoblast  was  seen. 
The  atrichomic  cells  seem  rarely,  if  ever,  to  divide  transversely  after 
the  trichome  initials  appear.  The  cutting  off  of  trichoblasts  may  be 
intermitted.  Generally,  however,  the  trichomes  are  produced  very 
abundantly. 

Lycopodium  lucidulum  (pi.  16,  fig.  20-22).  —  The  earliest  rudi¬ 
ments  of  the  trichomes  lie  close  to  the  apex,  under  the  root-cap. 
The  transverse  wall,  separating  the  newly  formed  trichoblast  from 
the  atrichomic  sister  segment  of  the  original  tabular  epidermal  cell, 
is  oblique  and  curved.  Beginning  near  the  inner  edge  of  the  prox¬ 
imal  end  wall  of  the  mother  cell,  this  membrane  of  division  runs 
outward  at  an  acute  angle  with  that  wall,  toward  the  external  face 
of  the  mother  cell.  At  length  it  curves  toward  the  root  apex,  and  as 
seen  in  longisection  meets  the  outer  wall  usually  a  little  forward  of 
the  middle  point  (pi.  16,  fig.  20,  T).  In  tangential  section,  also,  the 
new  wall  is  curved,  with  the  convexity  toward  the  root  apex  (pi.  16, 
fig.  21). 

The  lenticular,  wedge-shaped,  proximal  segment  thus  cut  off  is 
from  the  first  distinguished  by  relatively  dense  contents.  This  cell 
is  the  trichoblast.  As  the  elements  of  the  layer  increase  in  radial 
and  longitudinal  dimensions,  the  atrichomic  cells  outstrip  the 
trichoblasts.  The  latter  soon  reach  full  size,  while  the  intervening 
cells  continue  to  elongate.  Immediately  back  of  the  root-cap  the 
outer  face  of  the  trichoblast  becomes  protuberant.  The  further 
extension  of  this  wall  in  tubular  fashion,  in  adaptation  to  the  absorp¬ 
tive  function  of  the  cell,  gives  rise  to  a  hair  which  at  first  is  inclined 
somewhat  forward,  toward  the  root  apex  (as  in  Lycopodium  inun- 
datum ,  Equisetum,  and  Azolla). 

Sooner  or  later  the  trichoblast  generally  divides  longitudinally 
once  (pi.  16,  fig.  22)  ;  or,  less  frequently  in  this  species,  twice 
successively.  The  trichomes  are  therefore  to  be  found  generally 
side  by  side  in  pairs,  or  more  rarely  in  groups  of  four.  If  no  longi¬ 
tudinal  splitting  occurs,  the  single  hair  arises  aside  from  the  median 
position,  as  in  L.  inundatum.  Not  infrequently  in  the  material 
examined,  cases  were  found  where  two  trichoblasts  had  been  formed 
successively  in  the  row. 
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The  fully  formed  trichome  consists  of  a  long  and  slender  hair,  and 
a  sharply  wedge-shaped  base,  intruded  between  two  elongated 
epidermal  cells  and  reaching  usually  somewhat  more  than  half  way 
to  the  inner  plane  of  these  cells. 

Phylloglossum.  —  Roots  of  Phylloglossum  Drummondii  from 
dried  specimens  treated  with  caustic  potash  showred  the  structure  of 
the  older  epidermis  well.  Long  hairless  cells  and  short  piliferous 
cells  alternate  in  the  longitudinal  rows,  as  in  Lycopodium.  The  root 
tips  were  not  seen. 

Isoetes  (pi.  17,  fig.  23-27).  —  In  Isoetes  the  production  of 
trichomes  is  initiated  by  the  formation  of  trichoblasts  in  the  embry¬ 
onic  region,  near  the  apex  of  the  root.  The  fact  that  the  trichomes 
of  the  root  of  Isoetes  are  predetermined  was  stated  by  H.  Bruch mann, 
in  his  paper,  Ueber  anlage  und  wachsthum  der  wurzeln  von  Lyco¬ 
podium  und  Isoetes  (Jenaische  zeitsch.,  8:  522,  1874). 

The  trichoblast  may  arise  from  the  simple  bipartition  of  a  cell.  In 
this  case  the  dividing  cell  is  cut,  in  general  unequally,  by  a  transverse 
wall  perpendicular  to  the  outer  and  inner  faces.  The  upper  or 
proximal  segment  becomes  the  trichoblast.  It  is  readily  distinguished 
from  the  surrounding  cells  in  the  living  root  by  the  somewhat 
greater  refractive  power  of  its  contents. 

Generally,  however,  the  process  is  somewhat  more  complicated. 
As  a  rule  in  the  species  examined,  especially  in  freshly  growing 
roots,  the  trichoblast  is  the  proximal  member  of  a  group  of  four  cells 
produced  from  an  original  unit  by  two  successive  divisions  (pi.  17, 
fig.  23).  That  the  trichoblast  is  from  the  moment  of  its  inception  a 
cell  of  specialized  character  is  manifested  by  the  fact  that,  while  the 
second  division  gives  in  the  lower  half  of  the  original  cell  two 
elements  of  the  same  size  and  appearance,  in  the  upper  half  it  results 
in  unequal  and  dissimilar  cells,  of  which  the  smaller  and  denser  is 
the  trichoblast  (pi.  17,  fig.  23,  T  ;  fig.  24). 

The  atrichomic  cells  of  the  group  may,  and  generally  do,  remain 

undivided.  Then  the  trichomes  ultimately  stand  in  the  mature 

epidermis  at  set  intervals,  being  separated  in  the  rows  by  3  n on- 

piliferous  cells  (pi.  17,  figs.  25,  26).  But  sometimes  the  intervening 

cells  are  increased  bv  further  division  so  that  the  trichomes  are 

%/ 

separated  by  4  or  more  cells  in  the  row. 

In  rapidly  growing  roots  the  trichoblasts  become  papillate 
immediately  back  of  the  embryonic  area.  At  maturity  the  trichomic 
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cells  are  considerably  shorter  than  their  atrichomic  neighbors  (pi.  17, 
fig.  27).  The  fully  grown  tube  is  long  and  slender. 

Under  certain  conditions  of  growth  or  environment  of  the  root, 
no  trichoblasts  are  produced.  In  such  cases  the  roots  remain  without 
root-hairs. 

The  following  species  were  examined :  Isoetes  azorica ,  1 ’ 
Bolanderi ,  I.  Butler  i,  I.  canadensis ,  I.  Eatoni ,  I.  echhiospora 
Braunii ,  1.  Echinospora  rnuricata ,  I.  Engelmanni ,  I.  foveolata ,  I. 
Howellii ,  1.  hystrix ,  Z  Kirkii ,  Z  macrospora ,  Z  melanopoda ,  Z 
melanospora ,  Z.  Nuttallii ,  Z.  Piperi ,  Z.  riparia,  Z.  saccharata ,  Z 
Tuckermanni. 

Selaginella  (pi.  17,  fig.  28-30).  —  The  differentiation  of  the 
trichomes,  in  their  earlier  as  well  as  their  later  stages,  is  very  marked 
in  $.  rupestris.  In  the  fixed  tissue  of  the  epidermis  the  short  hair- 
cells  often  alternate  regularly  with  elongated  hairless  cells.  The 
bases  are  a  little  wider  than  other  cells  of  the  row,  and  the  hair  is 
often  borne  somewhat  laterally.  In  longisection  the  bases  are 
characteristically  more  or  less  wedge-shaped  (pi.  17,  fig.  29).  The 
hair  is  sometimes  branched. 

The  hair  initials  are  determined  in  the  meristematic  tissue.  In 
figure  28  (plate  17)  the  origin  of  the  trichoblast  is  shown  at  T.  An 
epidermal  cell  at  the  edge  of  the  root  cap  has  been  divided  near  its 
proximal  end.  The  narrower  tabular  segment,  comprising  about 
one  third  of  the  original  cell,  is  the  trichoblast.  Both  cells 
immediately  elongate,  decreasing  meantime  in  radial  diameter.  In 
the  tissue  immediately  succeeding  them  the  short,  dense  trichoblasts 
stand  out  prominently  amongst  the  more  transparent  elements. 

In  most  species  of  Selaginella  examined  the  roots  were  poorly 
supplied  with  root-hairs.  Neither  a  regular  alternation  of  trichomic 
and  atrichomic  cells,  nor  the  existence  of  cells  in  the  young  epider¬ 
mis  destined  to  produce  hairs  could  be  demonstrated.  The  hairs 
stood  singly.  All  the  cells  were  relatively  short,  but  nothing  was 
seen  to  indicate  that  the  origin  of  the  trichomes  is  different  from 
that  in  other  species  where  they  are  plainly  of  the  specialized  type, 
e.  g .,  S.  denticidata  (pi.  17,  fig.  30),  S.  Martensii ,  and  S.  viticulosa . 

Helobieae. 

Throughout  this  group  trichoblastic  hair-cells  are  characteristic. 
They  are  conspicuously  different  from  the  generally  much  elongated 
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atrichoraic  elements,  and  have  not  escaped  observation.  The  degree 
to  which  they  characterize  the  group  has  apparently  not  been  under¬ 
stood,  however,  and  their  origin  has  not  been  determined  by  the 
observers  who  have  described  the  hair-cells  as  being  peculiar.  The 
notes  of  several  investigators,  quoted  below,  represent  practically  the 
entire  literature  of  the  subject,  as  far  as  Monocotyledons  are 
concerned.  Species  named  without  comment  have  been  determined 
by  me  to  possess  the  characteristic  trichomes  of  the  group.  But, 
before  the  investigated  species  are  enumerated,  two  typical  cases 
may  be  described  with  some  particularity. 

JLimnocharis  emarginata  (pi.  17,  fig.  31-33). —  If  a  freshly 
growing  root  be  sectioned  longitudinally,  the  fundaments  of  the 
trichomes  may  be  seen,  let  us  say,  within  twenty  cells  of  the  apex. 
In  a  particular  section  examined,  the  18th  and  19th  cells  in  a  certain 
row  were  tabular  in  form,  with  a  radial  height  exceeding  twice  their 
individual  lengths.  The  20th  cell  had  lengthened  and  become  nearly 
isodiametric.  The  nucleus,  in  the  last  phases  of  division,  was  lying 
near  the  proximal  end  of  the  cell,  preparation  having  thus  been 
made  for  the  cutting  off  of  a  short  proximal  segment,  the  trichoblast 
(pi.  17,  fig.  31,  T).  From  this  point  backward,  a  succession  of  alter¬ 
nating  denser  and  less  dense,  shorter  and  longer  cells  could  be 
followed.  The  trichoblasts  at  first  are  tabular.  A  short  distance 
back  of  the  edge  of  the  root- cap,  the  atrichomic  cells,  which  were 
not  often  divided,  had  become  very  greatly  elongated,  the  trichomic 
cells  relatively  very  little  elongated  (pi.  17,  figs.  31,  32).  The  base 
of  the  matured  trichome  is  longest  where  it  meets  the  underlying 
cortex,  and  narrows  to  the  foot  of  the  hair  (pi.  17,  fig.  33).  Base 
and  hair  are  well  supplied  with  protoplasm.  The  nucleus,  which  is 
not  extraordinary  in  size  but  stains  more  deeply  than  the  nuclei  of  the 
atrichomic  cells,  lies  in  the  base  of  the  trichome,  or  less  frequently  a 
short  distance  up  in  the  tube. 

Sagittaria  Eatoni  (pi.  17,  figs.  43,  44). —  The  origin  of  the  tricho¬ 
blasts  may  be  studied  in  the  finer  rootlets  without  sectioning. 
Before  differentiation  the  young  epidermal  cells,  near  the  apex  of 
the  root,  become  nearly  isodiametric.  In  each  mother  cell  a  seg¬ 
ment  occupying  from  one  fourth  to  one  third  of  the  space  at  the 
proximal  end  is  cut  off  by  a  straight  transverse  wall  (pi.  17,  figs.  43, 
44).  In  tangential  section  the  trichoblastic  segment  may  be  slightly 
lenticular.  The  subsequent  development  of  this  cell  resembles  that 
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given  for  the  hair-cell  of  Limnocharis  emarginata.  Trichomes  and 
elongated  cells  often  alternate  with  entire  regularity.  The  prismatic 
non-piliferous  cell  may,  however,  divide  transversely  once  or  twice. 
The  trichoblast  may  mature  as  a  hairless  short  cell.  Trichoblasts 
may  be  absent  for  a  time  under  conditions,  as  we  may  suppose,  not 
calling  for  absorptive  activity  on  the  part  of  the  root. 

The  following  species  belonging  to  the  Helobieae  have  been 
examined.  The  hair-cells  arise  as  trichoblasts. 

Juncaginaceae  :  Triglockin  maritima  (pi.  17,  fig.  34).  This  example 
was  also  noted  by  Juel  ( l .  c.). 

Potamogetonaceae :  several  native  species  of  Potamogeton  were 
investigated.  Trichomes  are  abundant,  with  bases  only  one 
fifth  or  one  sixth  the  length  of  the  non-piliferous  cell.  The 
walls  are  often  dark  colored.  Sauvageau  1  notes  the  peculiari¬ 
ties  of  the  trichomes  in  the  European  species  seen  by  him  and 
says  that  those  superficial  cells  which  bear  the  hairs  persist 
longer  than  their  congeners.  Ruppia  'maritima  (pi.  17,  fig. 
35).  Zannichellia  palustris  (pi.  17,  fig.  36).  Zoster  a  marina. 
Trichoblasts  are  formed.  Sauvageau,  in  the  paper  above  cited 
observes  that  the  peculiar  piliferous  cells  persist  after  the  fall 
of  the  other  epidermal  cells. 

Cymodoceae :  Sauvageau  has  called  attention  to  a  differentiation  of 
piliferous  and  non-piliferous  cells  in  the  epidermis  in  this 
group.2  The  structure  is  very  much  like  that  observed  by  him 
in  Naias.  “A  longisection  of  the  tip  of  the  root  shows  that  at 
first  the  cells  of  the  piliferous  layer  are  of  equal  size,  but  they 
are  soon  differentiated,  on  the  one  hand  into  cells  which  remain 
narrow  (short),  become  conical  and  develop  into  hairs,  and  on 
the  other  hand  into  cells  which  follow  the  elongation  of  the 
root  and  do  not  produce  hairs.”  The  latter  soon  fall  off,  while 
the  trichomes  persist  for  a  longer  time. 

Aponogetonaceae  :  Aponogeton  distachywn,  Aponogeton  (  Ouviran- 
dra )  fenestrate. 

Naiadaceae:  Naias  gracillima  (pi.  17,  fig.  37-40).  The  mature 
epidermis  consists  of  exceedingly  elongated  cells  —  the  ratio  of 

1  Sauvageau:  Journ.  de  bot.,  3:  169  (1889). 

2 Sauvageau:  Sur  la  racme  des  Cymodoceae.  Association  fran^aise  pour 
ravancement  des  sciences,  20e  session,  p.  473  (1891). 
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length  to  breadth  was  found  in  cases  to  be  27  : 1  —  and,  between 
their  ends,  the  peculiar  trichomes.  The  bases  of  the  latter, 
with  abundant  granular  protoplasm,  push  out  under  the  cells 
standing  next  above  and  below,  and  press  their  inner  walls  into 
the  adjacent  cortical  tissue.  Early  stages  of  the  trichomes  are 
shown  in  figure  37  to  40  (plate  17).  The  trichoblasts  origi¬ 
nate  as  short,  proximal  segments.  In  longisection  they  at  first 
appear  tabular,  later  conical,  with  expanded  inner  base.  In 
tangential  section  they  appear  lenticular,  and  narrower  than  the 
atrichomic  cells.  JVaias  flexilis  (pi.  17,  figs.  41,  42)  agrees  with 
JV.  gracillima.  JVaias  major ,  JV.  minor.  The  descriptions  by 
Sauvageau  show  that  the  trichomes  are  of  the  same  character 
as  those  of  JV.  flexilis.  The  hairless^  cells  ultimately  fall  away, 
leaving  the  hairs  still  standing  in  a  living  condition  as  shown 
by  the  contents. 

Alisrnaceae :  Limnocharis  emarginata ,  L.  Humboldti ,  Alisma 
Plant  ago,  A.  ranuncidoides  (Juel,  l.  c.),  Sagittaria  Eatoni , 
S.  lancifolia  (pi.  17,  fig.  47),  S.  montevidensis,  8.  natans ,  A. 
subulata  (pi.  17,  figs.  45,  46),  A.  variabilis ,  Lopliotocarpus 
subulatus. 

Hydrocharitaceae :  Limnobium  Spongia.  The  root-hairs  are  ex¬ 
traordinarily  large  and  long,  from  cells,  exceeding  the  neighbor¬ 
ing  cells  in  breadth  and  depth,  in  amount  of  protoplasm,  and  in 
the  size  of  the  nucleus  (pi.  17,  fig.  51).  The  appearance  of  the 
trichoblast  near  the  edge  of  the  root-cap,  is  shown  by  figure 
49  (plate  17).  Stratiotes  aloides  closely  resembles  the  above 
species  in  respect  to  trichomes  of  the  root.  A  description  has 
been  given  by  Kny.  Ilydrocharis  JMorsns-ranae  and  Hydro- 
my stria  stolonifera,  are  included  in  his  account.  “In  the  three 
species  named  root-hairs  arise  from  only  a  small  number  of  epi¬ 
dermal  cells.  Those  cells  which  are  destined  to  grow  out 
[into  hairs]  lie  scattered  amongst  the  others  without  recogniz¬ 
able  order.”  ]  Kny  says  that  the  hair  fundaments  are  first  pro¬ 
duced  where  the  root  begins  to  penetrate  the  mud  in  the  places 
where  these  plants  grow.  Vallisneria  spiralis  and  Elodea 
canadensis  show  trichoblastic  hair-cells. 

1Kny,  L.  :  Sitzungsb.  d.  hot.  vereins  d.  prov.  Brandenburg,  20  April,  1878, 

p.  48. 
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Glumiflorae. 

In  Juncaceae,  Cyperaceae,  and  many  Gramineae,  the  specialized 
character  of  the  trichomic  cells  is  marked.  In  many  members  of 
the  Gramineae  the  external  differentiation  of  the  hair-cells,  though 
pronounced  enough  to  be  unmistakable,  is  not  great.  In  a  few 
species  all  distinction  of  trichomic  and  atrichomic  cells  seems  to 
have  been  lost. 

As  illustrative  of  the  Glumiflorae  several  species  may  be  exam¬ 
ined  in  some  detail. 

Alopecurus  occidentalis. —  The  development  of  the  epidermis  may 
be  traced  in  detail  in  rapidly  growing  rootlets.  The  cap  is  very 
small ;  the  rootlets  are  transparent.  Proceeding  from  the  apex,  and 
following  a  longitudinal  cell  row,  the  following  sequence  of  elements 
was  observed  in  a  particular  case.  (1)  Equal  sided  cells,  as  viewed 
in  full  face,  9  in  number.  These  may  divide  transversely,  or  split 
longitudinally  to  institute  new  rows.  (2)  Cells  wider  in  conse¬ 
quence  of  the  growth  of  the  root  in  circumference  and  shorter  by 
reason  of  repeated  transverse  division,  up  to  the  22d  cell  from  the 
apex.  (3)  Cells  in  which  trichoblastic  segments  have  been  formed, 
beginning  with  the  23d  from  the  apex.  A  regular  alternation  of 
dissimilar  cells  —  trichoblasts  and  their  sister  cells  —  now  follows. 
In  longisection  the  wall  separating  the  sister  cells  of  the  same  pair 
is  inclined  backward;  the  lower,  slightly  shorter  and  more  refrac¬ 
tive  cell,  the  trichoblast,  being  thus  a  little  wedge-shaped,  with  its 
thinner  edge  inward.  (4)  Trichoblasts  alternating  with  two  atri¬ 
chomic  cells,  beginning  after  the  32d  cell  from  the  apex.  The  atri¬ 
chomic  cells  in  this  region  divide  transversely  (pi.  18,  fig.  65).  (5) 

Marked  elongation  of  all  the  elements  including  the  trichoblasts, 
which  though  throughout  distinguishable  in  size  and  contents  from 
the  atrichomic  elements,  may  nearly  equal  the  latter.  The  hairs 
now  appear.  The  evolution  of  the  piliferous  layer  is  complete. 

Carex  crinita. —  The  piliferous  layer  presents  some  differences 
of  appearance  in  different  roots  of  the  same  individual  plant.  On 
fine  rootlets  observed  the  cells  were  comparatively  short.  Even  in 
these  rootlets,  however,  the  specialized  nature  of  the  trichomes  and 
of  the  cells  destined  to  become  trichomes  is  evident.  In  a  particular 
case,  typical  of  the  roots  examined,  the  first  transverse  divisions  pre- 
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paratory  to  the  formation  of  trichomic  cells  were  observed  about  12 
cells  from  the  apex.  The  cells  immediately  below  —  the  next 
younger  —  were  of  uniform  size  and  appearance.  The  divisions 
mentioned  segmented  the  mother  cells  into  two  unequal  parts  in 
each  instance,  having  lengths  as  3  to  2.  The  distal  segment  was  the 
shorter;  this  was  the  trichoblast.  From  this  point  backward  a  reg¬ 
ular  succession  of  cell-pairs  was  to  be  seen  in  which  shorter  and 
denser  trichomic  cells  alternated  with  those  of  an  opposite  character 
(pi.  18,  fig.  60).  The  series  was  followed  up  to  the  root-hairs,  about 
0.6  mm.  from  the  end  of  the  root.  The  ultimate  lengths  of  the  two 
sorts  of  epidermal  cells  were  as  3  or  4  to  1.  In  larger  roots  the 
hairless  cells  were  6  or  7  times  as  long  as  the  trichomes. 

Luzula  campestris. —  The  trichoblasts  originate  as  short  tabular 
segments,  including  the  lower  one  third  to  two  fifths  of  the  original 
cell  room.  They  are  frequently  divided  after  a  short  interval,  either 
transversely  or  longitudinally  (pi.  17,  fig.  55).  In  the  latter  event 
two  root-hairs  are  formed  side  by  side,  as  in  Lycopodium  luciclidum 
and  in  Anigozanthos  pidcherrima.  The  three  species  of  Luzula 
which  I  have  seen  agree  in  the  above  particular.  The  incipient  hair 
is  inclined  forward,  as  in  several  of  the  vascular  Cryptogams  already 
described. 

In  all  species  of  Glumiflorae  in  which  the  matter  has  been  accu¬ 
rately  determined,  the  trichoblast  comes  into  existence  as  a  distal 
segment  in  the  differentiating  division. 

I  have  examined  the  following  species  of  the  Glumiflorae  and  find 
the  presence  of  predetermined  hair-cells. 

Juncaceae:  Juncus  acuminatus.  The  trichoblast  is  from  the  lower 
end  of  the  mother  cell.  It  often  divides  transversely  so  that 
2  or  even  3  trichomes  may  stand  in  succession  (pi.  17,  fig.  53). 
Juncus  arcticus .  The  origin  and  superficial  appearance  of  the 
trichoblasts  is  shown  in  figure  52  (plate  17).  Juncus  glaucus. 
The  trichoblast  is  cut  off  distally.  Juncus  marginatus ,  J.  mil¬ 
itarise  and  J.  tenuis .  Luzula  campestris ,  X.  comosa ,  L.  sude- 
tica  (pi.  17,  fig.  54-56). 

Cyperaceae :  Carex  albicans ,  C.  conoidea ,  C.  crinita ,  C.  foenica 
var.  sabulonum,  C.  Houghtonii,  C.  maritima,  C.  Muldenbergii , 
C.  muricata,  C.  pennsylcanica ,  C.  Tuchermanii ,  Gyperus  alter- 
nifolius  (pi.  18,  figs.  58,  59),  C.  filiformis ,  C.  natalensis,  C. 
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Nuttaliii ,  C.  rimdaris  (pi.  18,  fig.  57,  where  the  origin  and 
transverse  division  of  the  trichoblast  is  seen) .  Dulichium  spct- 
thaceum ,  Eleocharis  palustris,  Eriophorum  alpinum,  Firnbri- 
stylis  autumnalis ,  Hemicarpha  subsquarrosa ,  Isolepis  gracilis , 
Kilingia  pumila,  Rhynchospora  fusca  (pi.  18,  fig.  62),  Scirpus 
airovirens,  S.  debilis,  S.  maritimus  (pi.  18,  figs.  63,  64),  S. 
setaceus. 

Gramineae.  The  trichoblastic  elements  may  be  numerous,  short 
in  comparison  with  the  other  cells  of  the  epidermis,  and  thus 
readily  distinguished  as  in  Sorghum  vidgare ,  Anthoxanthum 
odoratum,  Panicum  sanguinale ,  and  various  species  of  Poa. 
On  the  other  hand  the  origin  of  the  hair-cells  is  often  difficult 
to  make  out.  The  differentiating  division  results  in  two  seg¬ 
ments  of  about  equal  size,  and  of  nearly  similar  contents.  The 
atrichomic  cell  may  subsequently  divide.  In  the  mature  epider¬ 
mis  the  trichomes  and  atrichomic  cells  do  not  differ  much. 
Differentiation  is  less  pronounced,  and  seems  in  reality  to  be 
passing  away.  In  some  members  of  the  group,  in  fact,  the 
entire  epidermis  may  be  piliferous ;  the  habit  of  setting  apart 
special  cells  for  the  bearing  of  root-hairs  has  been  lost.  Oryzct 
sativa  is  one  of  the  very  few  examples  found  in  a  large  number 
of  grasses  examined  in  which  the  entire  loss  of  the  trichoblastic 
character  was  definitely  ascertained.  The  following  show 
specialized  hair-cells :  Agrostis  Steeveni,  A.  stolonifera ,  A. 
vulgaris ,  Alopecurus  occidentcdis ,  Andropogon  nutans ,  Antho¬ 
xanthum  odoratum,  Asprella  hystrix ,  Arena  sterilis ,  Briza 
gracilis ,  Bromus  asper ,  B.  albidus,  B.  giganteus ,  B.  pur  gems , 
B.  Richards oni ,  Calamagrostis  hyperborea,  C.  montanensis, 
Chloris  elegans,  Deschampsia  ccespitosa,  Elymus  virginicus , 
Festuca  ampla ,  F.  duriuscida,  F.  ovina,  F.  arundinacea  (pi. 
18,  fig.  68),  F.  pratensis,  Holcus  lanatus ,  Hordeum  nodosum , 
II.  pusillum ,  Folium  italicum ,  Miscanthus  candensatus ,  Pani¬ 
cum  sanguinale ,  /k  saccharatum ,  Pappapliorum  Wrightii , 
Paspcdum  tenellum ,  Phalaris  canadensis ,  7k  paradoxa , 
Phleum  asperum ,  sp.,  7*.  laevigata ,  7\  violacea  (pi- 

18,  fig.  69),  Polypogon  monspeliensis ,  Puccinellia  airoides. 
Sorghum  vulgar e,  Sporobolus  airoides ,  $.  cryptandrus. 
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Spadiciflorae. 

A  list  has  already  been  given  of  the  Spadiciflorae  in  which  I  have 
found  the  trichomes  to  be  of  the  unspecialized  type.  In  two  cases 
I  have  found  that  the  hair-cells  are  of  the  second  type,  viz.,  in 
a  hybrid  seedling,  Anthurium  Andreanum  x  A.  ornatum ,  and  in 
Monstera  deliciosa.  Figure  70  (plate  18)  shows  the  young  tri¬ 
chomes  of  the  root  in  the  latter  species.  An  alternation  of  hairless 
cells  and  trichomes  with  wedge-shaped  bases  is  seen  in  longisection. 
The  base  of  the  trichome  often  does  not  reach  to  the  inner  plane  of 
the  layer.  In  the  meristematic  tissue  the  origin  of  the  hair-cells, 
as  short,  dense  wedge-shaped  elements  alternating  regularly  with 
longer  and  less  dense  cells,  was  ascertained.  The  atrichomic  cell 
occasionally  divides  (as  is  shown  in  figure  70,  plate  18). 

These  two  cases  show  the  presence  in  the  Spadiciflorae  of  the 
phenomenon  forming  the  chief  topic  of  this  paper. 


Ejstantioblastae. 

Representatives  of  three  families  of  this  group  were  studied : 
Commelinaceae,  Eriocaulaceae,  and  Xyridaceae.  The  trichomes  are 
of  the  specialized  type. 

Commelinaceae.  Of  Tradescantia  virginica  a  growing  rootlet 
showed  trichobiasts  as  comparatively  dense  cells,  two  thirds  as 
long  as  the  alternate  cells,  at  a  distance  of  0.3  mm.  from  the 
growing  poiut,  in  tissue  still  covered  by  the  cap.  They  were 
often  lenticular.  They  had  been  cut,  in  the  initiatory  division, 
from  the  upper  end  of  the  mother  cells.  The  bases  of  the 
mature  trichomes  are  about  one  third  the  length  of  the 
atrichomic  cells.  Commelina  nudiflora.  Figure  71  (plate  18) 
gives  in  outline  an  optical  longisection  of  the  epidermis  of  one 
of  the  transparent  rootlets.  The  first  trichoblast  appears  as  a 
proximal  segment  of  the  12th  cell  from  the  apex.  The  divi¬ 
sion  wall  is  straight.  The  trichoblastic  segment  is  about  one 
half  as  long  as  its  congener.  The  next  older  and  the  remaining 
trichobiasts  are  rendered  conspicuous  by  the  density  of  their 
contents.  Figure  73  (plate  18)  shows  these  bodies  in  full  face 
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at  the  edge  of  the  cap.  Commelina  coelestis  also  forms  tricho- 
blasts. 

Eriocaulaceae.  Lachnocaulon  Michauxii  is  remarkable  for  its 
resemblance  to  Lycopodium  in  the  longitudinal  division  of  the 
trichoblasts,  and  the  consequent  occurrence  of  the  root-hairs  in 
groups  of  2,  3,  or  4  at  the  ends  of  the  hairless  epidermal  cells. 
The  trichoblasts  first  appear  as  distal  segments,  generally  of 
lenticular  form,  often  embracing  less  than  the  entire  width  of 
the  cell-rows  in  which  they  are  formed  (pi.  18,  fig.  74).  They 
were  seen  to  arise  at  about  40  cells  from  the  apex  in  one  actively 
growing  root  of  considerable  size.  The  trichoblasts  divide 
longitudinally  very  shortly  after  formation.  Commonly  a  single 
division  suffices,  but  often  this  is  followed  by  further  division 
(pi.  18,  fig.  75).  Occasionally  one  of  the  half  trichoblasts 
divides  transversely  (pi.  18,  fig.  76).  The  inner  part  of  the 
trich oblast  spreads  out,  both  transversely  and  longitudinally, 
jutting  under  the  ends  of  contiguous  atrichomic  cells.  In  the 
fixed  tissue  the  trichomes  are  sharply  differentiated  from  the 
remaining  elements  by  the  extreme  shortness  as  well  as  by  the 
peculiar  form  of  their  bases  (pi.  18,  fig.  77).  Paepalanthus 
flavidulus  exhibits  the  same  peculiarities.  Trichoblasts  were 
found  which  had  undergone  both  transverse  and  longitudinal 
division,  with  the  result  that  four  trichomes  were  formed  in 
a  group.  The  trichoblasts  originate  as  distal  segments.  This 
statement  holds  also  for  Eriocaulon  septangulare.  It  is  to  be 
noted  that  as  regards  the  origin  of  the  trichoblasts,  the 
Eriocaulaceae  agree  with  the  Glumiflorae,  and  that,  as  far  as  it 
goes,  this  evidence  supports  Engler’s  view  that  the  Farinosae 
are  derived  from  the  Glumiflorae. 

Xyridaceae.  Xyris  flexuosa  var .  pus  ilia  :  figure  79  (plate  18)  repre¬ 
sents  a  portion  of  the  young  fixed  epidermal  tissue,  in  which 
the  distinction  of  trichomic  and  atrichomic  cells  is  well  seen. 
The  hair  emerges  laterally  as  in  several  cases  heretofore  noted. 
Figure  78  (plate  18)  shows  a  younger  stage  in  profile.  Xyris 
caroliniana :  in  figure  80  (plate  18)  trichoblasts  are  seen  in  the 
region  of  increasing  elongation  of  the  root.  The  contrast 
between  hair-cells  and  intervening  prismatic  cells  is  shown  in 
figure  81  (plate  18). 


LEAVITT:  TRICHOMES  OF  ROOT. 


299 


Liliiflorae. 

In  this  group  a  single  genus,  Anigozanthos  of  the  Haemodoraceae, 
was  found  to  exhibit  specialized  hair-cells.  In  Anigozanthos  pul- 
cherrima  (pi.  18,  fig.  82-87 ;  pi.  19,  figs.  88,  89)  the  finer  rootlets 
allow  one  to  see  the  cells  of  the  epidermis  to  the  apex.  At  a  distance 
of  about  12  or  15  cells  from  the  growing  point  the  first  fundaments 
of  the  trichomes  may  be  seen  (pi.  18,  fig.  82).  Tabular  cells  in 
this  region  are  cut  into  unequal  segments.  The  division  walls  are 
not  inclined  (pi.  18,  fig.  83).  The  two  segments  of  each  mother 
cell  stand  to  each  other,  as  regards  length,  about  in  the  ratio  2:1  or 
3  :  2.  The  proximal  segment  is  the  shorter  ;  this  is  the  trichoblast. 
Very  soon  after  its  formation,  it  is  seen  to  be  richer  in  contents  and 
darker  colored  than  its  atrichomic  sister  cell.  The  latter  rapidly 
elongates,  and  in  the  roots  examined,  ultimately  reaches  an  extension 
of  25  times  its  original  length.  On  the  other  hand  the  trichoblast 
as  a  rule  increases  only  2  or  3  times  in  this  dimension.  The  atri- 
chomic  cell  was  seldom  found  subdivided.  In  consequence  the 
epidermis  usually  consists  of  two  very  dissimilar  elements  in  regular 
alternation  (pi.  19,  fig.  88).  Frequently  the  trichoblast  divides 
longitudinally  at  an  early  stage  (pi.  18,  fig.  84),  so  that  two  col¬ 
lateral  trichomes  arise  (pi.  18,  fig.  87)  as  in  Lachnocaulon,  Luzula, 
and  Lycopodium. 


SciTAMINEAE. 

The  following  members  of  this  family  were  examined,  and  I  was 
able  to  assure  myself  that  in  each  the  trichomes  are  predetermined 
in  the  embryonic  stage  of  the  epidermis.  The  differentiation  of  the 
future  hair-cells  was  in  some  cases  only  to  be  certainly  determined 
from  longisections  of  the  root  tip,  although  the  distribution  of  the 
trichomes  and  their  size  —  slightly  less  than  that  of  other  cells  — 
was  in  these  instances  indicative  of  the  mode  of  their  formation. 
The  nature  of  the  hair-cells  is  most  evident  in  Costus  and  Elettaria. 

Musaceae  :  Musa  Cavendisliiana. 

Zingeberaceae  :  Costus  sp.  (probably  spicatus) ,  C.  afer,  Elettaria 
Cardamomum  (pi.  19,  figs.  90,91).  In  the  last  two  species 
named  the  exact  origin  of  the  trichoblasts,  as  proximal  segments 
in  differentiating  divisions  of  epidermal  cells,  was  ascertained. 
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Carmaceae:  Canna  x  William  Stone. 
Marantaceae :  Maranta  Leitzii  (pi.  19,  fig.  92). 


Gynandrae. 

Among  the  few  terrestrial  orchids  the  roots  of  which  were 
examined,  the  following  have  specialized  hair  cells  :  Arethusa  bul- 
bosa  (pi.  19,  fig.  96),  Calopogon  pulchellus ,  Pogonia  ophioglossoides 
(pi.  19,  fig.  93-95). 


Nymph  ae  ace  ae. 

A  large  number  of  Dicotyledons  were  studied,  including  many 
aquatic  species.  The  Nymphaeaceae  alone  have  trichomes  prede¬ 
termined  in  the  formative  region  of  the  root  tip.  In  species  of 
Brasenia,  Cabomba,  Nuphar,  and  Nymphaea,  the  history  of  the 
root-hairs  is  like  that  of  the  same  organs  in  the  Monocotyledons 
which  have  been  described  above. 

Nymphaea  dentata  (pi.  19,  figs.  97-101 ).  — The  trichoblasts 
arise  as  narrow  proximal  segments  in  the  transverse  division  of 
epidermal  cells  under  the  root-cap.  These  short  cells  have  a  high 
staining  capacity,  and  are  brought  out  strongly  by  the  application  of 
iodine.  At  the  edge  of  the  root-cap  they  are  seen  in  longisection 
as  granular  cells  with  straight  transverse  walls,  between  the  con¬ 
siderably  elongated  prismatic  non-piliferous  cells  (pi.  19,  fig.  97). 
The  whole  exterior  wall  is  concerned  in  the  outgrowth  of  the  hair 
(pi.  19,  fig.  100).  The  foot  of  the  latter  therefore  covers  the  whole 
cell  (pi.  19,  fig.  101).  The  hairless  cell  becomes  very  long.  The 
two  kinds  of  cells  alternate  regularly. 

The  short  cell  may  remain  non-piliferous.  In  this  event  it  may 
elongate  somewhat  and  form  a  constituent  of  the  epidermis  differing 
from  other  cells  only  in  length.  Or  it  may  become  wedge-shaped, 
the  edge  outward,  and  by  the  pressing  together  of  the  adjacent 
cells  in  the  row  be  pushed  inward  until  the  ends  of  the  elongated 
cells  meet  above  it  and  it  no  longer  appears  as  a  superficial  element 
(pi.  19,  fig.  97-99).  This  submergence  of  the  trichoblasts  was  seen 
in  Nymphaea  odorata  and  N  zanzibarensis  as  well  as  in  N.  dentata. 
In  addition  to  the  species  already  named,  the  following  were  seen 
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and  agree  with  the  above  in  essential  respects :  JV.  amazonum  var. 
bl-anda ,  JV.  coerulea ,  N.  gracilis,  JV.  rubra,  JV.  scutellata,  JV.  SmitJi- 
eana.  JVelumbium  speciosum.,  as  I  found  it,  had  neither  root  hairs 
nor  trichoblasts.  JBrasenia  peltata,  Cabornba  caroliniana,  and 
Nuphar  advena  (pi.  19,  fig.  102)  are  much  like  Nymphaea. 

Transfusion  Cells  of  the  Exoderm. 

In  the  hypodermal  layer,  or  exoderm  of  the  root  of  many  plants 
an  alternation,  in  each  longitudinal  row,  of  elongated  prismatic 
elements  and  short  roundish  or  oval  cells  has  been  noted  by  several 
investigators.1  As  regards  origin,  form,  and  probable  function,  as 
well  as  distribution  in  Angiosperms,  the  short  cells  are  related  in  an 
interesting  way  to  the  short  trichomic  elements  of  the  epidermis 
already  described.  Several  typical  examples,  which  I  have  studied, 
may  be  briefly  described. 

Eucliaris  amazonica. —  The  alternation  of  long  and  short  cells  is 
established  in  the  young  exoderm,  very  near  the  growing  point,  by 
the  unequal  and  slightly  oblique  division  of  the  cells  (pi.  19,  fig. 
103).  The  segmenting  walls  incline  slightly  toward  the  root  apex 
as  they  run  outward  to  the  epidermis.  The  fundaments  of  the 
transfusion  cells  are  therefore  truncate  wedge-shaped,  the  broader 
base  outward.  They  are  cut  from  the  proximal  end  of  the  mother 
cells.  Immediately  afterwards  they  appear  in  the  living  state 
appreciably  darker  than  the  longer  segments.  As  the  layer  matures, 
the  smaller  cells  become  rounded,  as  viewed  tangentially.  In 
radial  longisection  the  general  wedge-form  is  preserved.  The  outer 
face  becomes  strongly  convex,  and  at  the  same  time  the  adjacent 
long  cells  become  curved  in  such  a  way  as  to  elevate  the  short  cells, 
which  often  protrude  in  a  marked  manner  (pi.  19,  fig.  104).  The 
epidermis  is  thrown  up  into  prominences.  Its  cells  are  sometimes 
separated  above  the  protruding  transfusion  cells,  which  then  have 
direct  communication  with  the  exterior.  The  transfusion  cells  often 

1  Ouclemans  :  Ueber  den  sitz  del’  oberhaut  bei  den  luf twurzeln  der  orchideen. 
Verb.  d.  kon.  akad.  d.  wetensch.,  Amsterdam,  math,  pliys.  klasse,  9  (1861). 

Leitgeb  :  Die  luftwnrzeln  der  orchideen.  Denkschr.  d.akad.  d.  wiss.,  Wien, 
math,  naturw.  cl.,  24  (1864). 

Juel :  Beitrage  zur  kenntniss  der  liautgewebe  der  wurzeln.  Ivongl.  svenska 
vetenskaps-akad.,  Stockholm,  Bihang  t.  liandlingar,  9,  no.  9  (1884). 
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become  papillate  (pi.  19,  fig.  105),  and  thus  in  a  manner,  and  to 
a  slight  degree,  imitate  the  piliferous  short  cells  of  the  epidermis  of 
many  plants. 

Hyacinthus  cimethystinus. —  The  divisions  giving  rise  to  the 
transfusion  cells  were  found  to  be  oblique  (pi.  19,  fig.  106,  T) .  The 
appearance  of  the  cells  in  surface  view  is  shown  in  figure  107 
(plate  19)  where  it  is  clearly  a  proximal  segment.  In  figure  108 
(plate  19)  a  young  transfusion  cell  is  seen  which  has  lately  divided 
transversely,  as  trich oblasts  divide  in  many  instances  (Juncus,  Scir- 
pus) . 

Pancratium  ovatum. —  The  initiatory  division  is  oblique.  The 
proximal  segment  becomes  the  transfusion  cell. 

Aspidistra  lurida. —  In  the  material  studied  a  dermatogen  distinct 
from  the  root-cap  and  from  the  initials  of  the  cortex,  was  found  at 
the  punctum  veyetationis.  In  a  certain  section  this  dermatogen 
was  observed,  7  cells  from  the  apex,  to  split  by  periclinal  walls  into 
2  layers,  the  outer  of  which  became  further  divided  to  form  a 
mantle  of  from  2  to  4  layers  of  short  cells,  while  the  inner  became 
the  hypodermal  layer.  In  the  hypodermal  cell  standing  the  21st 
from  the  apex,  an  oblique  transverse  division  wall  had  cut  off  a 
narrow  proximal  segment, —  the  rudiment  of  a  transfusion  cell  (pi. 
19,  fig.  109,  T) .  In  the  22d  cell  the  same  thing  had  happened. 
In  the  23d  no  division  had  taken  place.  In  the  24th  the  transverse 
wall  was  nearly  or  quite  perpendicular  to  the  outer  surface.  In  the 
fully  developed  exoderm  the  transfusion  cells  are  short  and  rounded 
and  project  above  the  general  surface  of  the  layer  (pi.  19,  fig.  110). 
They  are  usually  somewhat  wedge-shaped  in  longisection.  Figure 
111  (plate  19)  shows  them  in  face  view. 

Anthericum  Pernarnii. —  The  appearance  of  the  alternating  long 
and  short  cells  is  shown  in  figure  112  (plate  19). 

Monstera  deliciosa.  —  The  short  cells  arise  as  proximal  segments 
in  divisions  of  hypodermal  cells  near  the  growing  point. 

Anthurium  Seller zerianum. — The  transfusion  cells  (pi.  19,  figs. 
113,  114)  project  above  their  companions.  They  are  lenticular  in 
tangential  section,  and  are  closely  invested  laterally  by  the  more 
elongated  cells.  They  are  characterized  by  relatively  abundant  pro¬ 
toplasm. 

Arundina  bambusae  folia. —  I  have  ascertained  the  origin  of  the 
transfusion  cells.  They  arise  as  short  proximal  segments  of  the 
mother  cells,  and  in  a  particular  instance  were  noted  at  a  distance  of 
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0.6  mm.  from  the  apex.  The  mother  cells  were  strongly  convex,  and 
the  very  short  segments,  cut  from  their  extremities,  were  therefore 
at  the  beginning  considerably  inferior  in  breadth  and  height  as  well 
as  in  length,  to  their  sister  segments,  the  future  elongated  cells  of 
the  layer.  The  mature  exoderm  is  shown  in  longisection  in  figure 
115  (plate  19).  Two  short  cells  sometimes  occur  in  succession.  I 
have  seen  an  instance  in  which  this  arrangement  had  just  been 
established  by  the  cutting  off  of  a  second  segment  taken  from  the 
proximal  extremity  of  the  longer  daughter  cell. 

The  genetic  and  structural  resemblance  of  hypodermal  short  cells 
to  trichoblasts  is  evident.  The  points  of  similarity  in  brief  are  these. 
Both  short  cells  and  trichoblasts  arise  as  very  short,  often  wedge- 
shaped  segments.  Both  are  often  distinguished  throughout  life  by 
relatively  abundant  granular  protoplasm.  De  Bary  says  that  the 
nucleus  is  often  relatively  large  in  the  short  hypodermal  cells,  as  it 
often  is  in  trichoblasts.  Both  hypodermal  short  cells  and  tricho¬ 
blasts  are  apparently  called  into  existence  in  response  to  stimulus. 
The  production  of  transfusion  cells  is  not  a  constant  structural 
feature  of  the  hypodermal  layer,  at  least  in  many  plants,  in  which  I 
have  noted  that  the  formation  of  these  cells  may  be  intermitted  on 
occasion,  even  over  considerable  areas  of  the  hypoderm.  In  these 
cases  it  would  seem  that  transfusion  cells  are  formed  in  response  to 
certain  environmental  conditions  —  a  behavior  typical  of  trichoblastic 
formation.  This  facultative  character  is  apparent  in  many  Liliiflorae. 
In  the  epiphytic  Aroideae  and  Orchidaceae.  the  alternating  structure 
has  become  more  fixed. 

There  is  also  a  functional  similarity.  Trichoblasts,  or  the  tri- 
chomes  into  which  they  develop,  are  absorptive  cells.  The  short 
cells  of  the  exoderm  have  been  termed  transfusion  cells,  with 
probable  reason.  In  many  cases  the  arrangement  or  structure  of 
neighboring  elements  —  as  for  instance  the  pitted  walls  of  overlying 
velamen  cells  (  Taeniopliyllum  Zollingeri  according  to  Mliller)  — 
and  the  thin  membranes  of  the  short  cells,  point  to  the  short 
cells  as  gates  in  the  hypodermal  protective  sheath,  or  integument. 
Muller  says  that  in  older,  non-absorptive  parts  of  the  roots  of  Tae- 
niophyllum  Zollingeri ,  the  short  cells  are  stopped  by  the  pressing 
down  of  overlying  cells,  the  walls  of  which  become  thickened.1 

1  Muller,  J.  :  Ueber  die  anatoinie  der  assimilationswurzeln  von  Taenio- 
phyllum  Zollingeri.  Sitzungsb.  k.  akad.  d.  wiss.,  Wien,  math,  naturw.  cl., 
109,  pt.  1  (1900). 
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Oudemans  demonstrated  the  distinctive  chemical  nature  of  the 
membranes  of  the  short  cells  (Oudemans,  l.  c.).  In  sections  treated 
with  sulphuric  acid  and  iodine,  the  elongated  prismatic  cells  remained 
brown  while  the  short  cells  stood  out  as  alternating  areas  of  blue, 
(cellulose  reaction).  Attention  has  been  called  above  and  in  accom¬ 
panying  figures  to  the  projection  of  the  short  cells.  In  Eucharis 
amazonica  the  communication  of  the  short  cells  with  the  exterior 
is,  in  the  older  parts  often  direct. 

The  evidence  from  structure,  therefore,  indicates  that  the  short 
cells  of  the  exoderm  have,  in  common  with  the  short  cells  of  the 
epidermis,  an  absorptive  office. 

The  systematic  distribution  of  the  two  phenomena  under  consid¬ 
eration  is  of  interest.  They  are  rarely  found  together  ( Monstera 
deliciosa,  Anigozanthos  pulcherrima) .  As  will  be  seen  from  the 
list  of  species  given  belowr,  special  transfusion  cells  of  the  exoderm 
occur  in  those  groups  of  the  Monocotyledons  which  are  without 
predetermined  hair-cells.  They  are  found  also  in  many  Dicotyledons. 

These  facts  of  anatomy,  physiology,  and  distribution  lead  to 
speculation  upon  the  morphological  equivalence  of  the  two  sorts  of 
cells.  It  may  be  surmised  that  they  express  the  same  original  forma¬ 
tive,  structural  principle.  If  the  tegumentary  structure  prevailing 
in  a  large  number  of  groups  of  Monocotyledons  and  in  the  higher 
vascular  Cryptogams  may  be  taken  as  the  primitive  condition,  char¬ 
acteristic  of  the  ancestry  of  the  Monocotjdedons,  we  may  suppose 
that  in  the  instances  enumerated  below  (exclusive  of  the  Dicotyle¬ 
dons)  the  tendency  inherent  in  the  epidermis  to  form  trichoblasts 
has  passed  over  to  an  underlying  layer  which  histogenetically  is 
closely  related  to  the  epidermis.  This  transference,  it  may  be  sup¬ 
posed,  was  effected  in  the  modification  of  the  tegumentary  apparatus 
which  we  see  in  the  groups  in  question,  a  modification  necessitated 
by  the  epiphytic  habit  (Orchidaceae,  Aroideae),  or  by  life  in  the 
drier  soils  where  periodic  or  occasional  droughts  are  encountered 
(the  majority  of  the  Liliifiorae). 

In  the  Monocotyledons  the  superficial  layer  of  the  young  root 
(epidermis)  is  morphologically  a  cortical  member.  In  Dicotyledons 
the  epidermis  has  its  origin  in  common  with  the  root-cap  ;  and  the 
exoderm,  therefore,  the  layer  which  in  many  Dicotyledons  is  char¬ 
acterized  by  the  differentiation  of  transfusion  cells — is  the  outer 
cortical  layer,  homologous  with  the  external  layer  of  the  Monocoty- 
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ledons.  It  is  hence  possible  that  the  short  exodermal  cells  of  the 
Dicotyledons  are  strictly  homologous  with  the  trichoblastic  elements 
of  the  epidermis  of  Monocotyledons.  Assuming  that  both  sorts  of 
structure  have  had  a  common  origin,  the  short  hypodermal  cells  of 
the  Dicotyledons  may  be  regarded  as  potential  trichomes,  the  tri- 
chomic  development  of  which  is  prevented  by  the  persistence  of  a 
sheath,  the  epidermis,  derived  from  the  root-cap.  When  this  sheath 
fails,  as  in  Nymphaea,  the  short  cells  then  reveal  their  primitively 
trichomic  character  by  resuming  their  proper  development. 

Whichever  structure  may  have  been  the  primitive  one  in  the 
earliest  Angiosperms,  there  seem  to  be  grounds  for  regarding  the 
differentiating  process  as  one  and  the  same  whether  it  affects  the 
epidermis  or  the  exodermis. 

The  systematic  distribution  of  transfusion  cells  of  the  exoderm. 
—  Oudemans,  Leitgeb,  and  De  Bary  observed  a  large  number  of 
cases  in  aerial  roots  of  Aroideae  and  Orchidaceae.  The  list  given 
below  is  that  of  Juel,  augmented  by  instances  which  have  come 
under  my  own  observation.  The  latter  are  starred. 

Liliaceae  :  Agapanthus  umbellatus ,  Allium  narcissiflorum*  A. 
Schoenophrasum ,  Anthericum  Bernarnii  *  Artliopodium  pan- 
iculatum ,  Brodiaea  congesta  *  Chlorophytum  iSternbergianum , 
Bianella  coerulea ,  I).  stricta,  Funckia  land  folia,  F.  ovatafl 
Hemerocallis  fulva ,  Phormium  tenax ,  Scilla  peruviana , 
Veltheimia  capensis,  Xanthorrhoea  arbor ea,  Xerotes  fluvia tills, 
X  longifolia ,  Yucca  angustifolia ,  Y.  Draconis. 

Convallariaceae  :  Asparagus  truophynus*  A.  verticillatus ,  Conval- 
laria  majalis ,  C.  multiflora ,  C.  polygonatum ,  Cordyline 
stricta  *  Dracaena  cannaefolia ,  D.  Draco ,  D.  rubra ,  Maianth- 
emum  bi folium,  Paris  quadrifolia,  B  use  us  Hypoglossum ,  R. 
aculiatus,  Semele  androgyna,  Srnilacina  stellata,  Arnilax 
herbacea. 

Amaryllidaceae  :  Agave  densiflora,  Amaryllis  amethy stinus ,  A. 
Bellado7ina,  A.  vittata ,  Amorcliis  longifolia,  Olivia  miniata, 
C.  nobilis,  Crmum  asiaticum,  C.  bracteatum ,  Doreanthus 
P aimer i,  Eucharis  amazonica,  Galanthus  nivalis,  Haemantlius 
puniceus,  ITymenocallis  caribaea ,  Ilypoxis  erecta  *  Xarcissus 
poeticus,  X.  tazetta,  Pancratium  maritimum,  P.  ovatum* 
Sprekelia  formosissima ,  Yallota  purpurea. 
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Iridaceae :  Sisyrinchium  angustifolium. 

Araceae  :  Acorus  Calamus  ;  Anthurium  and  many  other  genera 
(Oudemans,  Leitgeb). 

Cannaceae :  Canna  indica. 

Ranunculaceae  :  Panunculus  bulbosus. 

Saxifragaceae  :  Parnassia  palustris. 

Haloragidaceae  :  Myriophyllum  ambiguum  * 

Primnlaceae :  Primula  auricula,  P.  elatior ,  P.  officinalis ,  Glaux 
maritima ,  Trientalis  europaea,  Lysimachia  vulgaris,  L. 
stricta * 

Scrophulariaceae  :  Scrophularia  nodosa ,  Gratiola  officinalis. 

Labiatae  :  Mimulus  ringens  * 

Gentianaceae  :  Erythraea  vulgaris,  E.  centaurium. 

Asclepiadaceae :  Hoya  carnosa,  Cynanchum  vincetoxicum,  Ascle- 
pias  curassavica. 

Valerianaceae  :  Vcderiana  officinalis. 


Concluding  Remarks. 

In  the  foregoing  pages  an  interesting  structure  of  the  piliferous 
layer  has  been  shown  to  be  characteristic  of  most  Pteridophytes 
above  the  ferns  (it  is  found  in  a  small  group  of  the  true  ferns  also) 
and  of  a  large  number  of  Monocotyledonous  orders.  In  still  other 
orders  of  Monocotyledons  essentially  the  same  structure  is  found, 
but  occurs  in  an  underlying  layer.  The  question  may  be  asked 
whether  any  inferences  can  be  drawn  as  to  the  phylogenetic  deriva¬ 
tion  of  this  structure,  considered  as  a  Monocotyledonous  character. 

The  suggestion  occurs  that  the  structure  under  discussion  may  be 
merely  adaptive  and  locally  developed,  in  a  systematic  sense  ;  that 
it  is  of  no  more  systematic  worth  than  such  features  as  large  inter¬ 
cellular  spaces  and  reduction  of  stereome  occurring  in  aquatic  plants 
of  various  unrelated  groups,  or  as  multiplication  of  the  epidermal 
layers  of  the  root,  characteristic  of  widely  separated  epiphytes  ;  and 
that,  in  particular,  the  given  structure  may  be  due,  in  the  plants  in 
which  it  obtains,  to  the  relation  of  the  root  to  the  presence  of  water. 
This  view,  however,  seems  not  to  be  supported  by  the  facts  of 
distribution.  Many  of  the  species  are  hydrophytic,  or  at  least 
semiaquatic ;  but  perhaps  as  many  others  are  mesophytic  and  not 
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a  few  are  more  or  less  xerophytic.  At  the  same  time  many  aquatic 
plants,  distributed  amongst  several  of  the  larger  groups  of  Mono¬ 
cotyledons  and  throughout  the  Dicotyledons,  are  without  tricho- 
blastic  formations. 

Granting  that  the  character  may  have  some  phylogenetic  sig¬ 
nificance,  it  is  interesting  to  note  that  on  the  one  side  the  peculiar 
structure  of  the  piliferous  layers  so  widely  present  in  Monocotyle¬ 
dons  is  like  that  prevailing  in  the  higher  vascular  Cryptogams ;  and 
that  on  the  other  side  a  structural  resemblance  may  be  traced  to  the 
outer  cortical  layer  of  the  root  in  many  Dicotyledons.  In  case  the 
Angiosperms  are  from  a  Gymnospermous  ancestry,  the  question 
which  of  the  conditions  found  in  the  radical  epidermis  in  the  two 
divisions  of  the  group  is  the  original  one,  is  one  to  which  no  answer 
can  be  given.  The  trichoblastic  condition  obtaining  in  Monocotyle¬ 
dons  might  be  derived  from  that  seen  in  Dicotyledons  by  denudation 
of  the  trunk  proper,  as  in  Nymphaea.  At  the  present  time,  how¬ 
ever,  when  the  origin  of  flowering  plants  is  obscure,  it  is  pertinent 
to  remark  the  dissimilarity  of  Angiospermae  and  Gymnospermae  in 
respect  to  the  organization  of  the  apical  region  of  the  root,  and, 
in  contrast,  the  agreement  of  Angiospermae  with  certain  Pteri- 
dophyta  in  this  particular;  and  to  call  attention  to  the  additional 
fact  that  the  structure  of  the  primary  integument  of  the  root-trunk 
obtaining  so  extensively  in  the  branch  of  the  Angiosperms,  viz.,  the 
Monocotyledons,  which  on  the  whole  seems  to  be  the  more  primi¬ 
tive,  is  closely  similar  to  that  prevailing  amongst  the  higher  Pteri- 
dophytes  in  the  well  marked  feature  which  has  been  dwelt  upon 
at  length  in  this  paper. 

Many  of  the  plants  used  in  carrying  out  this  research  were 
seedlings.  For  seeds  and  in  some  instances  for  growing  plants  or 
preserved  material  I  am  greatly  indebted  to  Sir  W.  T.  Thiselton- 
Dyer,  Prof.  A.  Engier,  Prof.  W.  F.  Ganong  and  Mr.  E.  J.  Canning 
of  Smith  college,  Mr.  C.  D.  Beadle  of  Biltmore  herbarium,  Mrs. 
A.  P.  Taylor  of  Thomasville,  Ga.,  Mr.  Robert  Cameron  of  the 
Harvard  botanic  garden,  Dr.  B.  L.  Robinson,  and  my  associate,  Mr. 
A.  A.  Eaton.  The  work  has  been  made  possible  by  the  ample 
facilities  of  every  kind  provided  by  Mr.  Oakes  Ames. 
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Explanation  of  Plates. 

All  figures  were  made  by  aid  of  the  camera  lucida.  The  arrow  tip  points  in 
the  direction  of  the  apex  of  the  root.  The  letter  e  attached  to  drawings  of 
radial  longitudinal  sections  indicates  the  external  border  of  the  section. 


PLATE  16. 

Fig.  1.  Aneimia  adiantifolia.  Radial  longisection  of  epidermal  cells  under 
the  cap.  The  first  trichoblast  at  T.  X  410. 

Fig.  2.  A.  adiantifolia.  Rudiments  of  the  trichomes  immediately  back  of 
the  cap.  X  220. 

Fig.  3.  A.  adiantifolia.  Surface  view  of  young  trichomes.  X  160. 

Fig.  4.  Longisection  of  the  growing  tip  of  a  root  of  Azolla  filiculoides  (micro¬ 
tome  section  from  material  embedded  in  paraffin)  ;  T,  trichoblast. 
X  450. 

Fig.  5.  A.  filiculoides.  Origin  of  the  hair  initials  ;  close  of  mitosis  and 
forming  cell  plate  are  seen  at  d.  X  750. 

Fig.  6.  A.  filiculoides.  Trichoblasts  and  intervening  cells  at  the  beginning 
of  the  growth  of  the  hairs,  about  ten  cell  pairs  removed  from  the 
oldest  shown  in  figure  4.  X  450. 

Fig.  7.  A.  filiculoides.  First  transverse  division  of  intervening  cell.  X  450. 

Fig.  8.  A.  filiculoides.  Young  root-hairs  seen  in  tangential  section  of  the 
root,  showing  zonal  arrangement.  X  450. 

Fig.  9.  A.  filiculoides.  Young  hairs  in  radial  longisection,  separated  in  the 
row  by  four  intervening  cells.  X  300.  t 

Fig.  10.  A.  filiculoides.  Base  of  mature  hair,  between  elongated  epidermal 
cells.  X  450. 

Fig.  11.  Extremity  of  the  root  of  Azolla  filiculoides.  X  5.1 

Fig.  12.  Equisetum  arvense.  Radial  longisection  of  young  epidermal  cells, 
showing  the  origin  of  the  trichoblast  at  T.  The  root-cap  over- 
lies  these  cells.  X  410. 

Fig.  13.  E.  arvense.  Radial  longisection  of  the  epidermis  a  short  distance 
from  the  root-cap.  X  265. 

Fig.  14.  E.  arvense.  Tangential  section  of  the  epidermis  before  the  emer¬ 
gence  of  the  hairs.  X  265. 

Fig.  15.  E.  arvense.  Young  trichomes  in  longisection.  X  265. 

Fig.  16.  Lycopodium  inundatum.  Radial  longisection  of  cells  lately  divided 
for  the  formation  of  trichoblasts  (T),  lying  under  the  root-cap. 
X  300. 

Fig.  17.  L.  inundatum.  Growth  of  the  root-hairs.  X  265. 

1  Figure  4-11  are  here  used  by  courtesy  of  the  Botanical  gazette. 
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Fig.  18.  L.  inundatum.  Bases  of  the  trichomes  in  radial  longisection.  x 
220. 

Fig.  19.  L.  inundatum.  Tangential  section  of  epidermis,  showing  bases  of 
the  trichomes.  X  220. 

Tig.  20.  Lycopodium  lucidulum.  Radial  longisection  of  the  epidermis  show¬ 
ing  the  origin  and  development  of  the  trichoblasts.  T,  the  first 
trichoblast.  X  410. 

Fig.  21.  L.  lucidulum.  Earliest  stages  of  trichoblasts,  seen  tangentially,  x 
410. 

Fig.  22.  L.  lucidulum.  Longitudinal  division  of  the  trichoblast. 


PLATE  17. 


Fig.  23. 


Fig.  24. 

Fig.  25. 

Fig.  26. 

Fig.  27. 
Fig.  28. 

Fig.  29. 
Fig.  30. 

Fig.  31. 


Fig.  32. 

Fig.  33. 
Fig.  34. 
Fig.  35. 
Fig.  36. 
Fig.  37. 

Fig.  38. 


Fig.  39. 
Fig.  40. 


Isoetes  canadensis.  Superficial  view  of  the  young  epidermis,  in  the 
region  of  the  formation  of  trichoblasts,  beginning  with  the  25th 
cell  (c)  from  the  apex  of  the  root.  The  trichoblasts  (T,  T,  etc.) 
are  distinguished  by  relatively  dense  contents.  X  410. 

I.  canadensis.  The  trichoblast  and  three  atrichomic  cells  of  the 
same  group,  in  longisection.  X  410. 

I.  Engelmanni.  Trichomic  and  atrichomic  cells  in  longisection  in 
the  region  in  which  the  hairs  begin  to  appear.  X  240. 

Isoetes  sp.  Young  elongating  epidermis  at  the  edge  of  the  root-cap, 
in  superficial  view.  X  260. 

I.  foveolata.  Superficial  aspect  of  the  mature  epidermis.  X  220. 

Selaginella  rupestris.  Optical  longisection  of  the  epidermis  at  the 
edge  of  the  cap.  T,  the  first  trichoblastic  segment.  X  410. 

S.  rupestris.  Bases  of  trichomes.  X  260. 

S.  denticulata.  Part  of  an  epidermal  cell  row  in  surface  view.  X 
260. 

Limnocharis  emarginata.  Longisection  of  the  epidermis  beginning 
with  the  18th  cell  from  the  apex.  The  first  trichoblastic  division 
at  T;  b  continues  a  with  a  slight  break.  X  260. 

L.  emarginata.  Trichoblasts  in  tangential  section,  before  the  appear¬ 
ance  of  root-hairs.  X  260. 

L.  emarginata.  Lower  part  of  mature  trichome.  X  260. 

Triglochin  maritima.  Base  of  trichome.  X  490. 

Ruppia  maritima.  Base  of  trichome.  X  490. 

Zannichellia  palustris.  Base  of  trichome.  x  490. 

Naias  gracillima.  Tangential  section  of  epidermis,  showing  lately 
formed  trichoblasts  (as  at  T).  X  410. 

N.  gracillima.  Longisection  of  epidermis  near  the  edge  of  the  cap. 
X  315. 

N.  gracillima.  Development  of  the  root-hairs.  X  315. 

N.  gracillima.  Superficial  view  of  the  epidermal  cells  immediately 
back  of  the  root-cap.  T,  the  young  trichome.  X  220. 
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Fig.  41. 


Fig.  42. 
Fig.  43. 

Fig.  44. 

Fig.  45. 

Fig.  46. 
Fig.  47. 

Fig.  48. 
Fig.  49. 

Fig.  50. 
Fig.  51. 
Fig.  52. 


Fig.  53. 
Fig.  54. 
Fig.  55. 
Fig.  56. 


Naias  Jlexilis .  Superficial  appearance  of  the  base  of  the  trichome. 
X  315. 

N.  Jlexilis.  Side  view  of  the  base  of  the  trichome.  X  315. 

Scigittaria  Eatoni.  Surface  of  the  epidermis  near  the  apex  of  the  root, 
showing  the  youngest  stages  of  the  trichoblast  (as  at  T).  X  220. 

S.  Eatoni.  Radial  longisection  of  epidermis  showing  the  origin  of  the 
trichoblast  (T).  X  300. 

S.  subulata.  Trichoblasts  and  atrichomic  cells  in  radial  longisection 
slightly  stained  with  iodine.  X  260. 

S.  subulata.  Trichome.  X  260. 

S.  lancifolia.  Surface  of  the  epidermis,  0.4  mm.  from  the  growing 
point.  X  260. 

S.  lancifolia.  Base  of  trichome  in  profile.  X  260. 

Limnobium  spongia.  Optical  radial  longisection  of  living  epidermis. 
T,  trichoblast.  X  160. 

L.  Spongia.  Superficial  view  of  the  same.  T,  trichoblast.  X  160. 

L.  Spongia.  Young  trichome.  X  560. 

Juncus  arcticus.  Origin  of  the  trichoblasts.  Superficial  view  of  the 
epidermis  near  the  apex.  T,  trichoblasts.  X  410. 

J.  acuminatus.  Trichoblast  and  intervening  cells  in  profile,  0.3  mm. 
from  the  growing  point.  Division  at  d.  X  300. 

Luzula  sudetica.  Surface  of  epidermis  very  near  root  tip.  Lately 
formed  trichomic  cells  (as  at  T).  X  410. 

L.  campestris.  Divisions  of  the  trichoblasts.  Superficial  view„of 
the  young  epidermis.  X  410. 

L.  comosa.  Base  of  mature  trichome.  The  second  trichome  of  the 
pair  is  shown  in  broken  line.  X  220. 


PLATE  18. 


Fig.  57. 


Fig.  58. 
Fig.  59. 

Fig.  60. 

Fig.  61. 
Fig.  62. 

Fig.  63. 


Fig.  64. 


Cyperus  rivularis.  Optical  longisection  of  parts  of  a  rootlet.  The 
first  trichoblast  at  T.  Trichomic  cells  are  distinguished  by 
dense  contents.  X  300. 

C.  alter  nifolius.  Trichomes  and  non -piliferous  cells  in  profile. 

C.  alter  nifolius.  Trichoblasts  in  profile,  0.5  mm.  from  the  apex.  X 
300. 

Carex  crinita.  Alternation  of  short  and  long  (trichomic  and  atri¬ 
chomic)  cells  in  the  young  epidermis.  X  315. 

C.  crinita.  Young  trichome  and  hairless  cells  in  profile.  X  315. 

Ehynchospora  fusca.  Surface  of  the  root,  1  mm.  from  the  apex, 
showing  trichoblasts.  X  300. 

Scirpus  maritimus.  Profile  of  epidermal  cells  below  the  region  of 
root-hairs.  Trichoblasts  distinguished  by  contents  and  by  color 
of  walls,  x  300. 

S.  maritimus.  Base  of  trichome  and  elongated  non-piliferous  cell 
in  longisection.  X  300. 
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Fig.  65. 
Fig.  66. 
Fig.  67. 
Fig.  68. 

Fig.  69. 

Fig.  70. 

Fig.  71. 

Fig.  72. 

Fig.  73. 

Fig.  74. 

Fig.  75. 
Fig.  76. 
Fig.  77. 
Fig.  78. 

Fig.  79. 

Fig.  80. 

Fig.  81. 
Fig.  82. 

Fig.  83. 

Fig.  84. 

Fig.  85. 

Fig.  86. 
Fig.  87. 


Alopecurus  occidentalis.  Optical  radial  longisection  of  epidermal 
cells  about  30  cells  from  the  growing  point.  X  315. 

A.  occidentalis.  Trichoblasts  (T,  T)  and  hairless  cells  0.1  mm.  from 
the  growing  point.  Radial  longisection.  X  315. 

A.  occidentalis.  Base  of  trichome  and  atrichomic  cells  in  profile. 
X  315. 

Festuca  arundinacea.  Surface  view  of  part  of  a  cell  row  in  the 
embryonic  epidermis.  Alternation  of  trichoblasts  (T)  and  non- 
piliferous  cells.  X  300. 

Poa  violacea.  Base  of  trichome  and  fully  elongated  hairless  cell,  in 
profile.  X  315. 

Monstera  deliciosa.  Young  root-hairs  in  alternation  with  hairless 
elements,  in  profile.  X  220. 

Commelina  nudiflora.  Optical  longisection  of  epidermis  and  cap  of  a 
small  rootlet.  The  first  trichoblast  at  T.  X  450. 

C.  nudiflora.  The  epidermis  immediately  back  of  that  represented 
in  figure  71.  X  450. 

C.  nudiflora.  Surface  of  the  epidermis  just  back  of  the  root-cap.  X 
450. 

Lachnocaulon  Michauxii.  Superficial  view  of  the  epidermis  near  the 
growing  point,  about  40  cells  from  the  apex.  X  220. 

L.  Michauxii.  Young  trichomes  in  surface  view.  X  220. 

L.  Michauxii.  Trichomes  in  surface  view.  X  220. 

L.  Michauxii.  Young  trichome  in  radial  section,  x  420. 

Xyr  is  flexuosa  var.  pusilla.  Trichoblasts  and  long  cells  in  profile, 
in  the  younger  fixed  tissue,  below  the  root-hairs.  X  300. 

X.  flexuosa  var.  pusilla.  Surface  of  the  root  2  mm.  from  the  apex. 
Young  trichomes,  the  hairs  emerging  laterally.  X  300. 

X.  caroliniana.  Surface  of  two  cell  rows  0.25  mm.  from  the  apex. 
The  trichoblasts  occasionally  transversely  divided,  as  at  d. 
X  300. 

X.  caroliniana.  Oblique  view  of  the  surface  of  the  root  in  the  zone 
of  young  hairs.  X  220. 

Anigozanthos  pulcherrima.  Part  of  a  longitudinal  cell  row  of  the 
epidermis,  beginning  with  the  12th  cell  from  the  apex,  in  super¬ 
ficial  view.  The  first  trichoblast  at  T.  X  300. 

A.  pulcherrima.  Epidermal  cells  divided  for  the  formation  of  tri¬ 
choblasts  (as  at  T),  in  profile.  X  300. 

A.  pulcherrima.  Surface  of  the  epidermis  at  about  the  limit  of  the 
cap.  X  300. 

A.  pulcherrima.  Trichoblast  formed  by  the  cutting  off  of  one 
corner  of  the  mother  cell.  X  300. 

A  pulcherrima.  Lateral  position  of  the  hairs.  X  220. 

A.  pulcherrima.  Bases  of  a  pair  of  trichomes.  X  300. 
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PLATE  19. 

Fig.  88.  A  nigozanthos  pulcherrima.  Extremity  of  a  rootlet.  X  300. 

Fig.  89.  A.  pulcherrirna.  A  part  of  the  epidermis  after  the  appearance  of  the 
hairs.  X  220. 

Fig.  90.  Elettaria  Cardamomum.  Trichomic  and  intervening  cells  in  profile, 
at  the  beginning  of  the  growth  of  the  hairs.  X  315. 

Fig.  91.  E.  Cardamomum.  Trichomes  and  hairless  cells  in  alternation. 
X  315. 

Fig.  92.  Maranta  Leitzii.  Superficial  view  of  the  mature  epidermis.  X  315. 

Fig.  93.  Pogonia  ophioglossoides.  Trichoblast  and  hairless  cells  in  profile,  6 
mm.  from  the  apex  of  a  rapidly  growing  root. 

Fig.  94.  P.  ophioglossoides.  Base  of  trichome  between  elongated  cells,  in 
profile. 

Fig.  95.  P.  ophioglossoides.  Superficial  view  of  the  epidermis  showing  the 
trichome. 

Fig.  96.  Arethusa  bulbosa.  Young  trichomes  in  surface  view.  X  220. 

Fig.  97.  Nymphaea  dentata.  Radial  longisection  of  the  epidermis  at  the 
border  of  the  root-cap.  X  450. 

Fig.  98.  N.  dentata.  Epidermal  cells  in  profile,  5  cells  back  from  those 
represented  in  figure  97.  X  450. 

Fig.  99.  N.  dentata.  Superficial  appearance  of  the  cells  represented  in 
figure  98.  X  450. 

Fig.  100.  N.  dentata.  Young  trichome.  X  450. 

Fig.  101.  N.  dentata.  Partly  grown  trichome.  X  220. 

Fig.  102.  Nuphar  advena.  Surface  of  the  epidermis  below  the  zone  of  root- 
hairs. 

Fig.  103.  Eucharis  amazonica.  Radial  longisection  through  cap,  epidermis, 
and  exoderm,  showing  the  origin  of  the  exodermal  transfusion 
cells.  X  220. 

Fig.  104.  E.  amazonica.  Transfusion  cell  of  mature  exoderm  in  profile. 
X  160. 

Fig.  105.  E.  amazonica.  Transfusion  cell  in  older  exoderm,  above  which 
the  epidermal  cells  have  separated. 

Fig.  106.  Hyacinthus  amethystinus.  Optical  radial  longisection  of  epidermis 
and  exoderm  at  the  edge  of  the  cap,  showing  the  origin  of  the 
transfusion  cells  (as  at  T).  X  410. 

Fig.  107.  II.  amethystinus.  Superficial  view  of  the  cells  shown  in  figure  106. 
X  410. 

Fig.  108.  H.  amethystinus.  Exodermal  transfusion  cells  at  a  later  stage, 
in  profile.  X  410. 

Fig.  109.  Aspidistra  lurida.  Radial  longisection  of  the  exoderm  beginning 
with  the  31st  cell  from  the  apex.  The  first  transfusion  cell  at  T. 
X  300. 

Fig.  110.  A.  lurida.  Longisection  of  sheath  and  exoderm,  showing  alterna¬ 
tion  of  long  and  short  cells  in  the  exoderm,  8  mm.  from  the  apex. 
X  300. 
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Fig.  111.  Aspidistra  lurida.  Tangential  section  showing  the  exoderm.  X 

220. 

Fig.  112.  Anthericum  Bernarnii.  Epidermis  and  exoderm  in  profile,  3  mm. 
from  the  apex.  X  315. 

Fig.  113.  Anthurium  Scherzerianum.  Radial  longisection  of  epidermis  and 
exoderm.  300. 

Fig.  114.  A.  Scherzerianum.  Tangential  section,  showing  the  outer  face  of  the 
exoderm.  X  300. 

Fig.  115.  Arundina  bambusaefolia.  Radial  longisection  of  velamen  and 
exoderm. 
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Leavitt. —  Trichomes  of  Root. 


Plate  16. 


G.  Leavitt,  del. 


Proc.  Boston  Soc.  Nat.  Hist.  Vol.  31. 


Leavitt. —  Trichomes  of  Root. 


Plate  17. 


It.  G.  Leavitt,  del. 


Proc.  Boston  Soo.  Nat.  Hist.  Vol.  31. 


Leavitt. — Trichomes  of  Root. 


Pi,  ate  18. 


R.  G.  Leavitt,  del. 


Proc.  Boston  Soe.  Nat.  Hist.  Vol.  31. 


Leavitt. —  Trichomes  of  Root. 


Plate  10. 


R.  (i.  Leavitt,  del. 


Proc.  Boston  Soc.  Nat.  Hist.  Vol.  31. 


Price  list  of  recent  memoirs.  4to. 


Vol.  V,  No.  11.  Fossil  footprints  of  the  Jura-Trias  of  North  America.  By 
R.  S.  Lull,  Ph.  D.  97  pp.,  1  pi.  $2.00. 

No.  10.  The  anatomy  and  phylogeny  of  the  Coniferales.  Part  1.  The  genus 
Sequoia.  By  E.  C.  Jeffrey.  19  pp.,  4  pis.  $1.00. 

No.  9.  The  skeletal  system  of  Necturus  maculatus  Rafinesque.  By  H.  H. 
Wilder,  Ph.D.  53  pp.,  6  plates.  $1.00. 

No.  8.  Observations  on  living  Bracliiopoda.  By  Edward  S.  Morse.  73  pp., 
23  pis.  $2.00. 

No.  7.  Description  of  the  human  spines  showing  numerical  variation,  in  the 
Warren  Museum  of  the  Harvard  Medical  School.  By  Thomas  Dwight. 
76  pp.  $1.50. 

No.  6.  The  anatomy  and  development  of  Cassiopea  xamachana.  By  Robert 
Payne  Bigelow.  46  pp. ,  8  plates.  $1.40. 

No.  5.  The  development,  structure,  and  affinities  of  the  genus  Equisetum.  By 
Edward  C.  Jeffrey.  36  pp.,  5  plates.  $1.00. 

No.  4.  Localized  stages  in  development  in  plants  and  animals.  By  Robert  T. 
Jackson.  65  pp.,  10  plates.  $2.00. 

No.  3.  Synapta  vivipara  :  A  contribution  to  the  morphology  of  Echinoderms. 
By  Hubert  Lyman  Clark.  35  pp.,  5  plates.  $2.00. 

No.  2.  Notes  on  the  dissection  and  brain  of  the  Chimpanzee  “Gumbo.”  By 
Thomas  Dwight.  21  pp.,  4  plates.  $1.00. 

No.  1.  On  the  reserve  cellulose  of  the  seeds  of  Liliaceae  and  of  some  related 
orders.  By  Grace  E.  Cooley.  29  pp.,  6  plates.  $1.00. 

Vol.  IV,  No.  14.  A  bibliography  of  Vertebrate  embryology.  By  Charles 
Sedgwick  Minot.  128  pp.  $2.50. 

No.  13.  Fusion  of  hands.  By  Thomas  Dwight.  14  pp.,  2  plates.  75  cts. 

No.  12.  The  insects  of  the  Triassic  beds  at  Fairplay,  Colorado.  By  Samuel  H. 
Scudder.  16  pp.,  2  plates. 

No.  11.  Illustrations  of  the  Carboniferous  Arachnida  of  North  America,  of  the 
orders  Anthracomarti  and  Pedipalpi.  By  Samuel  H.  Scudder.  14  pp.,  2 
plates. 

No.  10.  New  Carboniferous  Myriapoda  from  Illinois.  By  Samuel  H.  Scudder. 
26  pp.,  6  plates. 

No.  9.  New  types  of  cockroaches  from  the  Carboniferous  deposits  of  the  United 
States.  By  Samuel  H.  Scudder.  16  pp.,  2  plates.  Nos.  9-12,  $3.25. 

No.  8.  Phylogeny  of  the  Pelecypoda  ;  the  Aviculidae  and  their  allies.  By 
Robert  Tracy  Jackson.  124  pp.,  8  plates.  $3.00. 

No.  7.  The  flora  of  the  Kurile  Islands.  By  Iv.  Miyabe.  74  pp.,  1  plate.  $1.75. 

No.  6.  The  Entomophthoreae  of  the  United  States.  By  Roland  Thaxter.  70 
pp.,  8  plates.  $3.50. 

No.  5.  The  Taconic  of  Georgia  and  the  report  on  the  geology  of  Vermont.  By 
Jules  Marcou.  28  pp.,  1  plate.  $1.00. 

No.  4.  A  Study  of  North  American  Geraniaceae.  By  William  Trelease.  34 
pp.,  4  plates.  $1.25. 

No.  3.  The  introduction  and  spread  of  Pieris  rapae  in  North  America,  I860-’ 
1885.  By  Samuel  H.  Scudder.  18  pp.,  1  plate.  50  cts. 

No.  2.  The  development  of  the  ostrich  fern,  Onoclea  struthiopteris.  By  Doug¬ 
las  II.  Campbell.  36  pp.,  4  plates.  $1.50. 

No.  1.  The  significance  of  bone  structure.  By  Thomas  Dwight.  17  pp.,  3 
plates.  $1.25. 


Boston  Society  of  Natural  History. 

RECENT  PUBLICATIONS. 

Proceedings.  8vo.  (For  price  list  of  Memoirs,  see  third  page  of  cover.) 

Vol.  31,  No.  6. '  Contributions  from  the  Gray  herbarium  of  Harvard  university. 

New  series. —  No.  27.  By  B.  L.  Robinson.  25  pp.  25  cts. 

No.  5.  Observations  on  the  cytology  of  Araiospora  pulchra  Thaxter.  By 
C.  A.  King.  35  pp.,  5  pis.  50  cts. 

No.  4.  The  metamorphoses  of  the  hermit  crab.  By  M.  T.  Thompson,  bo  pp., 

7  pis.  75  cts.  . 

No  3  Systematic  results  of  the  study  of  North  American  land  mammals- 
during  the  years  1901  and  1902.  By  G.  S.  Miller,  Jr.,  and  J.  A.  G.  Rehn. 
85  pp.  50  cts.  ■ 

No  2  Proceedings  of  the  Annual  Meeting,  May  6,  1903.  3/  pp.  20  cts. 

No!  1.  A  rare  Thalassinid  and  its  larva.  By  M.  T.  Thompson.  21  pp.,  3  pis. 

3  £3  cts 

Vol.  30,  No.  7.  The  life  history,  the  normal  fission  and  the  reproductive 
organs  of  Planaria  maculata.  By  W.  C.  Curtis.  45  pp.,  11  plates.  75  cts. 
No.  6.  Monograph  of  the  A crasieae.  By  E.  W.  Olive.  63  pp.,  4  plates.  50  cts. 
No.  5.  Proceedings  of  the  Annual  Meeting,  May  7,  1902.  15  pp.  15  cts. 

No.  4.  Memorial  of  Professor  Alpheus  Hyatt.  20  pp.  10  cts. 

No!  3.  The  origin  of  eskers.  By  W.  O.  Crosby.  36  pp.,  30  cts. 

No.  2.  The  Medford  Dike  area.  By  A.  W.  G.  Wilson.  21  pp.,  4  plates 

35  cts. 

No.  1.  Systematic  results  of  the  study  of  North  American  land  mammals  to  the 
close  of  the  year  1900.  By  G.  S.  Miller,  Jr.,  and  J.  A.  G.  Rehn.  352  pp. 
81  25 

Vol.  29,  No.  18.  The  Polychaeta  of  the  Puget  Sound  Region.  By  H.  P.  John¬ 
son.  56  pp.,  19  plates.  55  cts. 

No.  17.  Proceedings  of  the  Annual  Meeting,  May  1,  1901.  33  pp.  10  cts. 

No.  16.  Bermudan  Echinoderms.  A  report  on  observations  and  collections  made 
in  1899.  By  H.  L.  Clark.  7  pp.  10  cts. 

No.  15.  Echinoderms  from  Puget  Sound  :  Observations  made  on  the  Echino¬ 
derms  collected  by  the  parties  from  Columbia  University,  in  Puget  Sound 
in  1896  and  1897.  By  H.  L.  Clark.  15  pp.,  4  plates.  30  cts. 

No.  14.  Glacial  erosion  in  France,  Switzerland  and  Norway.  By  William  Morris 
Davis.  50  pp.,  3  plates.  50  cts. 

No.  13.  The  embryonic  history  of  imaginal  discs  in  Melophagus  ovinus  L., 
together  with  an  account  of  the  earlier  stages  in  the  development  of  the 
insect.  By  H.  S.  Pratt.  32  pp.,  7  plates.  75  cts. 

No.  12.  Proceedings  of  the  Annual  Meeting,  May  2,  1900.  18  pp.  10  cts. 

No.  11.  A  revision  of  the  systematic  names  employed  by  writers  on  the  morphol¬ 
ogy  of  the  Acmaeidae.  By  M.  A.  Willcox.  6  pp.  10  cts. 

No.  10.  On  a  hitherto  unrecognized  form  of  blood  circulation  without  capillaries 
in  the  organs  of  vertebrata.  By  Charles  Sedgwick  Minot.  31  pp.  35  cts. 
No.  9.  The  occurrence  of  fossils  in  the  Roxbu-ry  conglomerate.  By  Henry  T. 

Burr  and  Robert  E.  Burke.  6  pp.,  1  plate.  20  cts.  >  ; 

No.  8.  The  blood  vessels  of  the  heart  in  Carcharias,  Raja,  and  Amia.  By 
G.  H.  Parker  and  F.  K.  Davis.  16  pp.,  3  plates.  25  cts. 

No.  7.  List  of  marine  mollusca  of  Coldspring  Harbor,  Long  Island,  with 
descriptions  of  one  new  genus  and  two  new  species  of  Nudibranclis.  By 
Francis  Noyes  Balch.  30  pp.,  1  plate.  35  cts.  _  3 

No.  6.  The  development  of  Penilia  schmackeri  Richard.  By  Mervin  T.  Sudler. 

23  pp.,  3  plates.  30  cts.  -  '  _  I 

No.  5.  Contributions  from  the  Gray  herbarium  of  Harvard  university.  ' 
series,  no.  17.  1.  Revision  of  the  genus  Gymnolbmia.  2.  Supplementary 

notes  upon  Calea,  Tridax,  and  Mikania.  By  B.  L.  Robinson  and  J.  M. 
Greenman.  22  pp.  25  cts.  . 

No  4.  Studies  in  Diptera  Cyclorhapha.  1.  The  Pipunculidae  of  the  United 
States.  By  Garry  de  N.  Hough.  10  pp.  10  cts. 

No.  3.  Notes  on  the  reptiles  and  amphibians  of  Intervale,  N.  H.  By  Glover 
M.  Allen.  13  pp.  15  cts. 

No.  2.  Variation  and  sexual  selection  in  man.  By  Edwin  Tenney  Brewster. 
17  pp.  25  cts. 

No.  1.  Proceedings  of  the  Annual  Meeting,  May  3,  1899.  43  pp.  15  cts. 

Vol.  28,  No.  16.  Moniloporidae,  a  new  family  of  Palaeozoic  corals.  By  Ama¬ 
deus  W.  Grabau.  16  pp.,  4  plates.  25  cts. 

No.  15.  Studies  in  the  gold-bearing  slates  of  Nova  Scotia.  By  J.  Edmund 
Woodman.  33  pp.,  3  plates.  50  cts. 

No.  14.  North  American  wood  frogs.  By  1L  IU  Howe,  Junior.  6pp.  10  cts. 


Proceedings  of  the  Boston  Society  of  Natural  History, 


Vol.  31,  No.  8, 
p.  315-328. 


PYCNOGONIDA  COLLECTED  AT  BERMUDA  IN  THE  SUMMER 

OF  1903. 


By  Leon  J.  Cole. 


BOSTON : 

PRINTED  FOR  THE  SOCIETY. 
July,  1904. 


■ 


*  ' 

. 


No.  8.—  PYCNOGONIDA  COLLECTED  AT  BERMUDA  IN 

THE  SUMMER  OF  1903.1 


BY  LEON  J.  COLE. 

The  first  Pycnogonida  reported  from  Bermuda  were  two  species 
described  by  Professor  Verrill  in  1900  (Verrill,  :00).  The  descrip¬ 
tions  were  based  upon  two  specimens  obtained  by  the  party  which 
with  Professor  Verrill  visited  Bermuda  in  1898.  During  the  past 
summer  (1903),  while  enjoying  the  excellent  facilities  for  collect¬ 
ing  offered  by  the  Bermuda  biological  station  for  research,  special 
search  for  pycnogonids  was  made  by  the  writer,  and  other  members 
of  the  party  were  kind  enough  to  turn  over  to  him  such  specimens 
as  they  found. 

The  most  noticeable  fact  in  connection  with  the  group  was  the 
relative  scarcity  both  of  species  and  of  individuals.  Although  col¬ 
lections  were  made  in  a  great  variety  of  localities, —  embracing 
the  whole  group  of  islands,  the  surrounding  waters,  and  even 
the  Challenger  Bank,  some  fifteen  miles  to  the  southwest, —  and 
at  depths  ranging  from  between  tide  marks  to  35  fathoms,  the 
only  places  at  which  Pycnogonida  were  found  were  in  Harrington 
Sound  on  hydroids,  and  in  a  small  ‘cut’  connecting  the  Sound 
with  Flatts  Inlet.  Altogether  only  three  species  were  obtained. 
Professor  Verrill’s  specimens  were  taken,  one  in  Flatts  Inlet,  and 
one  in  Bailey’s  Bay ;  the  other  specimens  which  I  have  exam¬ 
ined,  to  be  mentioned  later,  had  no  more  definite  indication  of 
locality  than  ‘  Bermuda.’  As  stated  above,  all  the  specimens 
collected  this  year  were  found  on  hydroids,  and  as  hydroids  are 
relatively  scarce,  a  corresponding  paucity  of  Pycnogonida  might 
be  expected.  That  none  were  found  on  the  hydroids  collected  in 
Castle  Harbor,  where  conditions  are  similar  in  some  respects  to 
those  in  Harrington  Sound,  may  in  part  be  explained  by  the  fact 
that  less  careful  search  was  made  in  that  region  than  in  the  Sound 
and  at  the  Flatts,  where  the  laboratory  was  situated ;  for  all  three 
of  the  forms  are  so  inconspicuous  —  two  on  account  of  their  small 
size  and  one  on  account  of  its  protective  coloration  —  that  they  are 
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apt  to  be  overlooked  unless  unusual  attention  is  given  to  hunting  for 
them. 

The  ‘cut’  mentioned  above  (B.  B.  S.  station  1408)  deserves 
special  mention.  This  is  an  artificial  channel  made  in  the  limestone 
rock,  three  feet  or  so  wide,  and  extending  in  a  straight  line  through 
a  narrow  neck  of  land  between  Harrington  Sound  and  the  Flatts 
Inlet.  The  tides  rush  through  this  ‘  cut,’  alternately  in  and  out,  with 
great  swiftness,  and  collecting  is  feasible  only  at  or  near  the  ebb, 
when  the  water  is  barely  two  to  three  feet  deep.  Direct  sunlight  is 
almost  entirely  excluded,  owing  to  the  high  vertical  sides  of  the 
canal  and  the  overhanging  vegetation.  Here  in  the  half-light  such 
animals  as  sponges,  especially  the  brightly  colored,  encrusting  forms, 
bryozoans,  and  hydroids  grow  in  the  greatest  abundance.  All  but 
two  of  the  Pycnogonida  collected  this  year  came  from  among  the 
hydroids  at  this  place,  where  they  are  associated  with  Caprella, 
which  occurs  in  large  numbers. 

The  conditions  found  here  suggest  an  interesting  problem  kt  the 
etiology  of  these  animals.  With  the  tide  almost  constantly  sweep¬ 
ing  through,  one  way  or  the  other,  how  is  it  that  the  pycnogonids 
remain  abundant ;  why  is  it  that  they  are  not  all  swept  away  ?  The 
adults,  it  is  true,  cling  tenaciously  by  their  feet,  which  can  clasp  a 
small  hydroid  stem  or  similar  object  very  efficiently  when  the  claw 
is  bent  back  against  the  sole.  This  is  especially  the  case  when  the 
heel,  with  its  distally  projecting  strong  spines,  is  developed.  But 
the  danger  comes  to  the  eggs  and  the  larvae.  In  the  case  of 
sponges  and  similar  organisms  which  produce  large  quantities  of 
young,  these,  although  set  free  into  the  water,  are  so  abundant  that 
the  stream  passing  through  is  sure  to  contain  many  of  them ;  some 
of  these  probably  become  lodged  in  the  ‘  cut  ’  and  attach  them¬ 
selves  there,  so  that  the  place  remains  stocked.  But  pycnogonids 
produce  relatively  few  eggs.  If  these  were  set  free,  the  chances 
are  that  they  would  be  carried  away  and  very  few,  if  any,  would 
find  lodgment  in  the  ‘  cut  ’ ;  but  as  a  matter  of  fact  the  eggs  are  taken 
directly  from  the  female  by  the  male  ( cf .  Cole,  :01,  p.  204)  and  are 
carried  by  him  until  they  are  hatched.  The  newly  hatched  larva  of 
Ammothea  and  related  forms  bears  a  large  pair  of  chelae  on  the 
enormously  developed  chelifori,  by  which  it  is  enabled  to  cling  to 
the  parent,  or  to  hydroids  &nd  similar  objects.  The  other  append¬ 
ages  at  this  time  are  of  no  use  in  this  connection.  After  the  meta- 
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morph  osis,  in  which  the  legs  with  grasping  claws  are  attained,  the 
chelifori  are  not  needed  for  the  purpose  of  clinging,  and  in  the 
adult  the  fingers  of  the  chelae  are  lost  completely,  the  organ  prob¬ 
ably  becoming  entirely  functionless  as  well  as  degenerate  in  form. 

While  I  believe  this  may  serve  as  an  explanation  of  the  loss  of  the 
chelae  in  the  adult  Ammothea,  we  have  a  different  state  of  affairs  in 
Anoplodactylus,  which  is  found  associated  with  it  in  the  ‘  cut,’  for 
the  latter  retains  its  chelae  throughout  the  adult  condition.  In  some 
cases  at  least  it  would  seem  that  they  are  probably  not  needed  for 
attachment  even  by  the  larva,  which  is  parasitic  in  the  gastral  cavity 
of  certain  hydroids  ( cf  \  Dohrn,  ’81,  pi.  12,  fig.  25,  who  shows  three 
larvae  of  A.  [=  Plioxichilidiuni\  exiguus  in  the  interior  of  a  polyp 
of  Podocorgne  carnea )  ;  but  in  the  larvae  of  A.  plumidariae  (von 
Lendenfeld)  Cole,  although  they  are  parasitic,  the  chelifori  are 
strongly  developed  and  are  used  for  clinging  to  the  hydroids,  into 
which  the  proboscis  is  thrust  in  order  to  obtain  nourishment  (von 
Lendenfeld,  ’83).  In  the  adult  Anoplodactylus  they  are  probably 
not  used  at  all  for  clinging;  but  it  seems  more  probable  that  in  these 
forms  they  are  retained  for  some  function  which  they  perform  in 
connection  with  feeding,  for  they  are  always  elongate  and  the  chelae 
hang  down  over  the  proboscis  in  close  proximity  to  the  mouth 
(pi.  22,  figs.  21,  29). 

Professor  Verrill  has  very  kindly  allowed  me  to  examine  the 
types  of  his  two  species,  and  this  has  been  of  great  assistance  in 
writing  the  present  report.  He  has  also  placed  in  my  hands  for 
study  three  specimens  which  his  party  collected  at  Bermuda,  in 
1901,  and  three  others  obtained  by  G.  Brown  Goode,  in  1876-77. 
All  of  these  belong  to  the  two  species  found  by  Verrill  in  1898. 
Some  further  notes  and  descriptions  of  these  species  are  given 
below,  together  with  the  addition  of  a  new  form,  which,  however,  so 
closely  resembles  Anoplodactylus  insignis  (Hoek)  that  I  have 
placed  it  as  subordinate  to  that  species.  The  typical  insignis  is 
known  from  but  a  single  specimen  dredged  by  the  ‘  Challenger  ’  at 
Bahia,  South  America. 

Ammothea  gracilis  (Verrill). 

PI.  21,  fig.  4-14. 

Achelia  (?)  gracilis  Verrill,  :  00,  p.  582,  pi.  70,  fig.  10. 
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This  species,  which  seems  to  be  w*ell  founded,  is  so  briefly  described 
by  Verrill, —  who  had  but  a  single  specimen, —  that  I  venture  to 
give  a  fuller  description  based  upon  the  considerable  amount  of 
material  at  my  disposal. 

Trunk  broad,  not  tapering  markedly  posteriorly  ;  anterior  border 
with  a  rather  elongate  conical  tubercle,  tipped  with  a  short  spine  at 
each  side  of  the  eye  tubercle ;  segmentation  suppressed.  Lateral 
processes  closely  appressed,  larger  distally,  their  outer  ends  giving 
a  broadly  elliptical  outline  to  the  body  ;  nearly  unarmed,  but  the 
first  pair  may  bear  one  or  two  tubercles  similar  to  those  on  the 
anterior  border  of  the  trunk. 

Caudal  segment  short,  slightly  elevated,  barely  reaching  to 
posterior  edge  of  first  coxal  joint  of  fourth  pair  of  legs  ;  not  marked 
off  from  trunk  by  a  distinct  suture  ;  tapering  more  or  less  evenly, 
or  slightly  fusiform  ;  slightly  bilobed  at  tip.  Armed  with  a  short 
spine  on  each  side  at  a  little  distance  from  the  tip. 

Eye  tubercle  situated  at  extreme  anterior  end  of  trunk,  low, 
obtusely  conical  or  dome-shaped,  directed  somewhat  anteriorly 
when  seen  from  the  side  (pi.  21,  fig.  5)  ;  seen  from  in  front  or 
from  behind  (pi.  21,  fig.  13)  it  is  obtuse  at  the  tip  owing  to  a  small 
projection  on  each  side.  Eyes  moderately  large,  dark  brown. 

Proboscis  rather  long,  about  equal  in  length  to  trunk  (pi.  21,  fig-  5), 
but  arising  so  far  under  the  first  trunk  segment  that  when  viewed  from 
above  much  of  its  base  is  hidden  and  it  has  the  appearance  of  being 
much  shorter  than  it  really  is,  and  of  being  evenly  tapering  (pi.  21, 
fig.  4).  In  reality  it  is  fusiform,  being  broadest  at  its  proximal  third, 
and  tapering  in  both  directions  from  this  point.  Its  dorsal  curvature 
is  considerably  more  convex  than  the  ventral  outline.  There  is  no 
evidence  of  the  circular  constriction  which  is  found  in  several 
species  of  this  genus. 

Chelifori  short,  scarcely  equaling  a  fourth  of  the  proboscis  ;  also 
arising  from  beneath  the  anterior  edge  of  the  trunk,  so  that  when 
seen  from  above  they  appear  even  shorter  than  they  really  are. 
Basal  joint  about  twice  as  long  as  broad,  bowed  slightly  outward, 
somewhat  larger  distally ;  second  segment  small,  globular,  with  a 
distinct  dorso-ventral  groove  dividing  the  distal  part  into  two  sub¬ 
equal  lobes,  which  are  the  vestiges  of  larval  chelae.  The  chelifori 
bear  a  few  very  small  scattering  spines,  and  there  is  a  slightly  larger 
one  constantly  on  the  outer  side  of  the  larger  lobe  of  the  second  joint. 
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Palpi  7-jointed ;  /  1 1  short,  broad  ;  /  2  at  least  twice  as  long, 
slightly  arcuate ;  /  3  short ;  /  4  nearly  as  long  as  J.  2,  dorsal  margin 
irregular  ;  /  5  smaller  than/.  3  ;  /  6  longer  than/  3  but  shorter  than 
/  4 ;  /  7  small,  globose  or  slightly  elongate.  Joint  7  and  the 
ventral  sides  of  jj.  5  and  6  closely  beset  with  short  spines ;  other¬ 
wise  the  appendage  is  almost  smooth.  The  palp  is  bent  down  at 
}.  3  and  forward  again  at  /  5,  so  that  it  is  Z-shaped. 

Ovigera  10- jointed  in  both  sexes.  Oviger  of  female  slightly 
shorter  than  fully  extended  palp  ;  jj.  1,  2,  and  3,  short,  little  if  any 
longer  than  broad,  j.  2  arising  somewhat  from  the  side  of  j.  1  ;  jj.  4 
and  5  about  equal  in  length,  longer  than  the  preceding  joints  ;  jj.  6, 
7,  8,  and  9  of  nearly  equal  size,  and  smaller  than  the  basal  joints  ; 
j.  10  minute,  but  bearing  two  rather  long,  curved  denticulate  spines. 
Joints  7,  8,  and  9  each  bear  two  denticulate  spines  ;  otherwise  the 
appendage  is  practically  unarmed.  Oviger  of  the  male  longer  than 
that  of  the  female  and  longer  than  the  palp ;  relative  proportions  of 
the  joints  about  the  same  as  in  the  female  ;  j.  10  very  small,  but 
slightly  larger  than  in  the  female  and  similarly  bearing  two  long, 
curved,  denticulate  spines,  which  bend  back  in  such  a  way  as  to 
form  a  hook.  Denticulate  spines  were  also  distinguished  on  jj.  9 
and  8,  but  could  not  be  discerned  on  more  proximal  joints.  The 
principal  flexure  of  the  oviger  is  between  /  4  and/.  5,  which  is  prac¬ 
tically  the  middle  point  in  the  length  of  the  appendage ;  the  distal 
portion  is  curved  sigmoidally. 

Egg  masses  few,  globular,  loose.  The  specimens  carrying  eggs 
had  only  one  or  two  masses  each.  The  eggs  are  relatively  large, 
but  the  masses  are  of  moderate  size,  there  being  comparatively  few 
eggs  in  each  mass.  Eleven  of  the  29  adult  males  examined  were 
carrying  eggs.  Ova  could  be  distinguished  in  the  ovaries  of  many 
of  the  females. 

Legs  about  twice  as  long  as  body;  c.  1,  c.  2,  and  c.  3  all  short; 
c.  2  only  a  little  longer  than  c.  1  and  c.  3  ;  f.  slightly  longer  than 

1  The  abbreviations  used  here  are  those  which  I  have  employed  in  another 
paper  (Cole,  :04).  They  are  so  obvious  that  they  hardly  need  explanation. 
In  those  appendages  in  which  the  joints  do  not  have  special  names,  the  first 
proximal  joint  is  designated  as  j.  1,  the  second  j.  2,  and  so  on.  In  the  case  of 
the  legs,  c.l,  c.2,  c.3,/.,  t.l,  t.2,  ts.l,  fs.2,  cl.,  and  aux.  cl.  refer  to  the  coxal, 
femoral,  tibial,  and  tarsal  joints  respectively,  and  to  the  terminal  claw  and 
the  auxiliary  claws. 
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coxal  region  ;  t.  1  and  t.  2  each  about  the  length  of/*. ;  ts.  1  short, 
triangular,  emarginate  at  distal  border  ;  ts.  2  rather  slender  for  this 
genus,  somewhat  more  than  half  as  long  as  t.  2,  only  slightly  arcu¬ 
ate,  projection  at  the  distal  end  slight,  no  differentiation  into  heel 
and  sole  except  in  the  size  of  the  spines  on  these  two  regions ;  cl. 
strong,  curved,  half  as  long  as  ts.  2  ;  aux.  cl.  well  developed,  fully 
half  as  long  as  cl.  The  femoral  joint  of  the  female  is  broader  than 
that  of  the  male,  and  is  broadest  near  the  middle  (pi.  21,  fig.  4) ,  while 
in  the  male  it  is  broadest  distally  (pi.  21,  fig.  14)  ;  in  both  sexes  the 
dorso-distal  corner  projects  and  is  armed  with  a  spine.  The  margins 
of/*.,  t.  1,  and  t.  2  are  more  or  less  irregular  and  wavy.  The  first  and 
second  coxal  joints  of  the  male  are  armed  with  prominent  tubercles 
bearing  spines  (pi.  21,  fig.  14),  three  of  these  regularly  (Jccurring 
distally  on  the  dorsal  side  of  c.  1,  and  one  or  two  laterally  on  c.  2  ;  in 
the  female  these  tubercles  are  much  reduced,  the  two  lateral  ones 
at  the  distal  end  of  c.  1  being  best  represented,  while  the  middle 
tubercle  is  low  and  does  not  bear  a  spine  (pi.  21,  fig.  4).  The  remain¬ 
ing  joints  of  the  legs  are  but  sparsely  armed  with  short  spines,  but 
have  longer  ones  in  the  usual  positions,  i.  e .,  one  near  the  distal  end 
on  the  dorsal  margin  of  each  t.  1  and  t.  2,  and  on  the  dorsal  margin 
of  ts.  2.  The  ventral  surface  of  ts.  2  bears  a  number  (about  7  to 
10)  of  comparatively  stout  spines,  those  on  the  proximal  end  being 
somewhat  longer  and  representing  the  only  indication  of  a  heel  ; 
ts.  1  bears  one  strong  spine  and  several  small  ones.  The  genital 
protuberance  on  the  ventral  side  of  c.  2  of  the  third  and  fourth  pairs 
of  legs  in  the  male  is  short,  conical,  and  unarmed  (pi.  21,  fig.  11)  ; 
genital  openings  of  the  female,  as  usual  in  the  genus,  not  on  protu¬ 
berances,  but  in  a  corresponding  position  on  all  four  pairs  of  legs. 

Length  about  1.3  inm.,  extent  nearly  6  mm.  The  males  average 
slightly  smaller  than  the  females. 

Color  nearly  white.  Integument  thin,  with  comparatively  few 
cuticular  cavities. 

Immature  specimens .  —  The  four  immature  specimens  examined 
were  of  nearly  adult  size,  but  the  ovieera  were  not  yet  fully  devel- 
oped  and  the  chelifori  were  still  in  a  chelate  condition  (pi.  21,  fig. 
12).  The  fingers  of  the  chelae  are  about  as  long  as  the  palm  ; 
strongly  arcuate,  the  movable  finger  slightly  overlapping  the  other. 
This  is  probably  the  stage-  immediately  preceding  the  last  moult 
before  the  adult  condition  is  attained. 
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All  the  specimens  of  this  species  taken  this  year  were  found  on 
colonies  of  Eudendrium  ramosum  (Linn.)  and  Obelia  marginata 
Allman.1  The  specimens  collected  by  Dr.  Goode  in  1876-77  were 
found  “on  Crissa.” 


Specimens  examined. 


Locality. 

No.  of  specimens. 

Date. 

Source. 

Harrington  Sound  . 

1  s 

7  July,  1903 

(Coll,  by  O.  Bryant) 

(B.  B.  S.  sta.,  708) 
Harrington  Sound  . 

1  ? 

11  July,  1903 

(Coll,  by  O.  Bryant) 

(B.  B.  S.  sta.,  708) 
Flatts  Inlet .... 

18  $,  10  ? 

17  July,  1903 

(Coll,  by  L.  J.  C.) 

(B.  B.  S.  sta.,  1403) 
Flatts  Inlet .... 

18  July,  1903 

(Coll,  by  L.  J.  C.) 

2  ? 

(B.  B.  S.  sta.,  1403) 

Flatts  Inlet  .... 

7  d\6  ?,2  juv. 

28  July,  1903 

(Coll,  by  L.  J.  C.) 

(B.  B.  S.  sta.,  1403) 
‘Bermuda’  .  .  . 

1  $ ,  2  juv. 

1876-77 

Yale  univ.  museum, 

No.  3361 

(G.  Brown  Goode) 

‘Bermuda’  .  .  . 

1  d 

1901 

Yale  univ.  museum, 

No.  3363 
(A.  E.  Yerrill) 

‘Bermuda’  .  .  . 

1  S 

1901 

Y ale  univ.  museum, 

No.  3364 

(W.  T.  VanName) 

‘Bermuda’  .  .  . 

i  92 

1898 

(A.  E.  Yerrill) 

It  will  be  noticed  that  the  description  given  above  differs  in  sev¬ 
eral  important  features  from  that  of  Yerrill.  According  to  his 
description  the  palpi  are  “apparently  8-jointed  or  perhaps  9-jointed.” 
While  I  have  not  counted  them  on  all  of  the  specimens  given  in  the 
above  list,  I  have  done  so  on  a  large  number,  and  in  all  cases 
have  found  these  appendages  to  be  7-jointed,  with  one  exception. 
This  was  a  female  which  had  one  palp  7-jointed,  while  the 
other  was  composed  of  but  six  joints.  From  the  fact  that  all  the 
joints  up  to  and  including  the  fifth  were  of  normal  size,  and  that 
the  sixth  was  very  small,  it  seems  not  improbable  that  this  was  a 
case  in  which  the  palp  had  previously  been  broken  off  between  the 
fifth  and  sixth  joints  and  was  in  process  of  regeneration.  Owing  to 

1 1  am  indebted  to  Mr.  E.  D.  Congdon  for  the  identification  of  these  hydroids. 

2  Type  of  the  species,  loaned  by  Professor  Yerrill  for  comparison.  This 
specimen  was  from  “Flatts  Inlet,  dredged  in  shallow  water.” 
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the  position  in  which  the  palp  is  carried,  and  the  irregular  outline  of 
the  fourth  joint,  it  is  often  very  difficult  to  make  out  the  joints  with 
certainty  when  viewed  from  above  in  a  specimen  mounted  on  a 
slide,  as  the  appendage  does  not  lie  out  flat.  In  such  cases  the  only 
safe  method  is  to  get  the  palp  into  such  a  position  that  it  may  be 
seen  laterally;  then  the  presence  of  a  complete  ring  in  the  chitin 
and  the  arrangement  of  muscles  inside  gives  the  certain  criterion  of 
a  joint.  It  is  probable  that  Professor  Verrill  mistook  the  appear¬ 
ance  in  the  fourth  joint  for  an  articulation,  and  so  counted  eight 
joints  instead  of  seven. 

A  form  with  7-jointed  palpi  would  not  come  in  the  genus  Ammo- 
thea  as  heretofore  defined,  since  this  included  only  those  species 
with  eight  or  nine  joints  in  the  palpi,  nor  would  it  be  embraced  in 
the  genus  as  recently  restricted  by  me  (Cole,  :  04,  p.  262)  to  forms 
with  only  eight  joints.  It  seems,  however,  that  the  species  under 
discussion  so  closely  resembles  typical  Ammothea  that  it  should 
properly  be  placed  in  that  genus,  which  would  then  include  forms 
with  seven  or  eight  joints  in  the  palpi.  According  to  Leach  (’14,  p. 
33)  the  species  (A.  carolinensis)  upon  which  he  based  the  original 
description  of  the  genus  had  9-jointed  palpi ;  but  on  the  other  hand 
he  states  that  the  chelifori  (‘  mandibles  ’ )  are  2-jointed,  and  dis¬ 
tinctly  so  figures  them.  In  dividing  the  genus  it  thus  became  a 
question  in  which  group  carolinensis  really  belonged,  and  which 
group  should  therefore  retain  the  original  name.  Several  reasons 
have  led  me  to  retain  in  the  genus  Ammothea  the  species  with 

2- jointed  chelifori  and  8-jointed  palpi  and  to  place  those  with 

3- jointed  chelifori  and  9-jointed  palpi  in  a  distinct  genus,  Ammo- 
thella.  In  the  first  place,  although  it  is  possible  that  Leach’s  speci¬ 
men  may  represent  an  intermediate  form,  the  differences  are  so  con¬ 
stant  in  those  species  which  are  well  known  that  it  seems  more  prob¬ 
able  he  has  made  a  miscount  of  the  joints  of  the  palpi  —  a  matter 
which  may  happen  at  times,  as  mentioned  above.  The  character  of 
the  chelifori  seems  much  more  reliable  and  these  he  distinctly  de¬ 
scribes  and  figures  with  two  joints.  Furthermore,  the  next  forms 
which  were  referred  to  the  genus  are  well  known  species  with 
2-jointed  chelifori  and  8-jointed  palpi  (c/*.  Hodge,  ’46) ;  and,  finally, 
the  species  with  which  the  name  Ammothella  was  first  used,  is  one 
in  which  the  chelifori  have  three  joints  and  the  palpi  nine  joints. 

As  has  been  pointed  out  in  other  places,  the  name  Achelia  used 
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by  Verrill  is  not  tenable,  as  the  forms  described  under  it  were 
merely  the  adults  of  Ammothea. 

Ammothella  appendiculata  (Dohrn). 

PI.  21,  fig.  15-18  ;  pi.  22,  figs.  19,  20. 

Ammothea  appendiculata  Dohrn,  '81,  p.  152-155,  pi.  7,  fig.  1-5. 

Ammothea  (?)  [subgenus  Ammothellai]  rugulosa  Verrill,  :  00,  p. 
581,  pi.  70,  fig.  9. 

Although  Verrill  describes  this  species  as  new,  I  am  unable,  after 
comparison  with  the  excellent  description  of  A.  appendiculata 
given  by  Dohrn,  to  separate  it  from  that  species.  The  greatest  dis¬ 
crepancy  is  in  the  statement  that  the  palpi  are  10-jointed.  Verrill 
in  his  description  of  the  Bermuda  form  also  gives  ten  as  the  number 
of  the  joints  in  the  palpi.  While  I  hesitate  to  question  the  observa¬ 
tions  of  two  such  eminent  naturalists,  nevertheless  I  am  certain 
from  my  study  of  the  specimens  collected  at  Bermuda  this  summer 
and  of  Professor  Verrill ’s  type  that  these  have  but  nine  joints  in 
the  palpi ;  and  since  it  is  easy  for  one  to  miscount  in  these  cases,  as 
I  have  shown  above,  it  seems  to  me  not  unlikely,  considering  the 
close  agreement  in  other  respects,  that  Dr.  Dohrn  may  also  have 
made  out  one  too  many  joints  in  these  much  abused  appendages. 
When  I  first  examined  the  specimen  which  Professor  Verrill  so 
generously  placed  at  my  service,  I  also  counted  ten  joints,  but  hav¬ 
ing  previously  made  drawings  from  palpi  of  this  species  mounted 
separately  on  slides  so  that  they  lay  out  fiat,  and  having  dis¬ 
tinguished  but  nine  joints,  I  examined  the  specimen  more  critically 
and  found  that  what  I  had  counted  as  joints  four  and  five  was  in 
reality  only  one  joint,  as  there  was  neither  a  complete  chitinous 
constriction  nor  were  there  muscles  at  this  place  (see  pi.  22,  fig.  19). 

The  other  differences  are  very  slight.  I  find,  for  example,  a  few 
spines  on  the  lateral  processes,  and  the  division  between  the  first  and 
second  segments  of  the  trunk  well  marked  on  the  ventral  side. 
Dohrn  remarks  (p.  155)  that  the  genital  openings  are  not  situated 
upon  special  projections.  This  is  eminently  true  of  the  males,  in 
which  they  differ  from  Ammothea,  but  in  the  females  I  find  a  slight 
prominence  at  the  distal  end  of  the  second  coxal  joint  (pi.  21,  figs.  17, 
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18),  at  the  top  of  which  the  genital  duct  opens.  The  present  species 
also  differs  from  Ammothea,  and  agrees  with  other  species  of  Ammo- 
thella,  in  the  shape  of  the  distal  end  of  the  femoral  joint,  which 
does  not  run  out  into  a  long  projection  on  the  dorsal  side,  though 
it  does  have  a  small  prominence  to  which  4s  articulated  a  long  hol¬ 
low  spine  (‘  Kittdrtise,’  Dohrn,  ’81,  pi.  7,  fig.  4).  But  it  is 
especially  characterized,  as  Dohrn  has  pointed  out,  by  the  peculiar 
hollow,  club-shaped  spines  which  occur  on  the  chelifori,  the  caudal 
segment,  and  the  basal  joints  of  the  legs. 

Immature  specimens  have  the  chelae  well  developed,  one  and 
one  half  times  as  long  as  the  palm,  the  fingers  slender,  curved, 
crossing  at  the  tips,  the  inner  margins  bearing  a  few  short  teeth. 

This  species  was  taken  at  Bermuda  in  1903  at  no  place  except 
upon  the  hydroids  in  the  artificial  ‘  cut  ’  which  has  been  described  on 
p.  316.  Dohrn  had  A.  appendiculata  from  Santa  Lucia.  Bermuda, 
so  far  as  I  am  aware,  is  the  only  other  place  at  which  it  has  been  taken. 


Specimens  examined. 


Locality. 

No.  of  specimens. 

Date. 

Source. 

Flatts  Inlet .... 

2  J,1  ? ,  1  juv. 

17  July,  1903. 

(Coll,  by  L.  J.  C.) 

(B.  B.  S.  sta.,  1403) 

Flatts  Inlet  .... 

2  ^(w.  eggs),  2$ 

28  July,  1903. 

(Coll,  by  L.  J.  C.) 

(B.  B.  S.  sta.,  1403) 

‘Bermuda’  .... 

1  juv. 

1901 

Yale  univ.  museum, 
No.  3362 
(A.  E.  Ven'ill) 

‘Bermuda  ’  .  .  .  . 

1  $  1  (W.  eggs) 

1898 

(A.  E.  Verrill) 

Ammothella  spinifera  Cole  (:04,  p.  275)  from  San  Diego,  Cali¬ 
fornia,  appears  to  be  rather  closely  related  to  A.  appendiculata, 
especially  as  it  has  similar  hollow  spines,  which,  however,  taper 
gradually  to  the  end  instead  of  being  club-shaped  (i.  e.,  larger 
distally).  This  close  similarity  was  not  noticed  at  the  time  the 
description  of  A.  spinifera  was  written. 

‘Prof.  A  errill’s  description  of  4  Ammotliea  rugulosa  ’  was  based  upon  this 
specimen.  According  to  his  paper  (:00,  p.  581)  it  was  collected  at  low  tide 
in  Bailey’s  Bay. 
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Anoplodactylus  insignis  bermudensis,  subsp.  nov. 

PI.  20,  fig.  1-3  ;  pi.  22,  fig.  21-29. 

Type. —  Museum  of  comparative  zoology,  no.  6728,  Crustacea. 

This  beautiful  form  agrees  so  closely  in  most  respects  with  the 
descriptions  of  Anoplodactylus  ( =  Phoxichilidium)  insignis  given 
in  the  report  of  the  Challenger  expedition  (Hoek,  ’81,  p.  82-84,  pi. 
14,  fig.  5-7)  that  it  can  hardly  be  considered  a  different  species ; 
but  on  the  other  hand  it  differs  in  a  number  of  characters,  so  that  it 
can  scarcely  be  called  identical.  The  principal  differences  are 
enumerated  below. 

The  fourth  trunk  segment  is  not  marked  off  from  the  third.  Hoek 
figures  a  distinct  segmentation. 

The  hairs  on  the  chelifori  are  apparently  shorter  and  less 
numerous. 

The  eye  tubercle  instead  of  being  ‘  blunt  ’  has  a  sharply  pointed 
prolongation  (pi.  22,  fig.  29).  But  for  this  prolongation,  it  would 
be  a  bluntly  conical  prominence,  as  may  be  seen  when  it  is  viewed 
laterally  (pi.  22,  fig.  21).  This  sharp  projection  nearly  doubles  the 
height  of  the  tubercle ;  the  eyes  are  situated  just  below  the  middle, 
i.  e .,  at  the  top  of  the  lower,  conical  part. 

The  caudal  segment  is  proportionate^  much  longer  than  in 
insignis  and  bulges  out  on  the  posterior  (ventral)  border  a  short 
distance  from  the  base  ;  Hoek  does  not  mention  this  in  the  form 
described  by  him,  and  his  figures  do  not  show  the  caudal  segment  in 
lateral  view. 

The  ovigera  are  very  similar  to  those  of  insignis ,  but  the  third 
joint  is  considerably  shorter  in  proportion  to  the  other  joints  ;  it 
being  at  least  twice  as  long  as  the  second  joint  in  insignis ,  but 
noticeably  less  than  twice  the  length  of  that  joint  in  the  Bermuda 
specimens. 

The  femoral  joint  of  the  leg  is  apparently  shorter  as  compared 
with  the  body,  and  the  second  tibial  joint  is  shorter  in  proportion  to 
the  femoral.  After  speaking  of  the  strong  conical  protuberance  at 
the  distal  end  of  the  first  coxal  joint,  Hoek  (’81,  p.  83)  says  that 
“the  second  bears  a  still  larger  one  ventrally,  and  another  at  the 
distal  extremity.”  I  do  not  understand  this,  as  the  Bermuda  speci¬ 
mens  have  but  one  such  protuberance  on  this  joint  and  that  is  both 
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ventral  and  at  the  distal  extremity.  Hoek’s  figures  show  a  similar 
condition  (Iloek,  ’81,  pi.  14,  fig.  5).  This  protuberance  is  longer 
and  less  conical  on  the  third  and  fourth  legs,  where  it  bears  the 
opening  of  the  genital  duct.  I  believe  that  the  genital  ducts  open 
only  on  these  legs,  for  I  was  unable  to  make  out  a  duct  in  the  pro¬ 
tuberance  of  the  first  and  second  legs,  or  an  opening  at  the  apex, 
both  of  which  were  plainly  evident  in  the  others.  Neither  do  I 
find  lateral  protuberances  on  the  femoral  joint,  such  as  Iloek 
describes  and  figures,  but  on  the  dorsal  side  of  the  joint  is  a  long, 
narrow  opening  with  a  raised,  thin,  chitinous  edge,  and  with  several 
transverse  partitions  crossing  it  (pi.  22,  figs.  27,  24).  This  is 
probably  the  external  opening  of  the  so  called  ‘femoral  gland,’ — a 
gland  which  occurs  in  the  fourth  joint  of  the  leg  of  the  males  in  at 
least  a  considerable  number  of  species  of  pycnogonids  (Iloek,  ’81, 
p.  106).  Hoek  mentions  finding  this  gland  in  A.  insignis ,  but  says 
it  opens  by  “only  a  single  pore  at  the  end  of  the  joint,  placed  at  the 
tip  of  a  conical  excrescence.” 

Comparative  dimensions . 

A.  insignis.  A.  insignis  bermudensis. 


Length  of  proboscis, 

2 

mm. 

1.5  mm. 

Total  length  of  body, 

6 

a 

4.8 

n 

Length  of  abdomen, 

0,5 

n 

0.7 

it 

Length  of  oviger, 

4.2 

a 

3.4 

u 

Length  of  leg  of  1st  pair, 

19 

a 

13 

u 

Extent, 

25 

n 

It  will  be  seen  by  a  glance  at  the  figures  above  that  A.  insignis 
bermudensis  averages  nearly  a  third  smaller  than  A.  insignis 
insignis. 

The  most  striking  character  of  the  Bermuda  subspecies  is  its 
color,  which  affords  a  good  example  of  protective  coloration.  This 
consists  of  alternate  bands  of  red  and  yellow  on  the  legs,  the  yellow 
usually  occupying  the  proximal  end  of  the  joint.  The  trunk  is  more 
uniformly  red.  Figure  1  (pi.  20)  shows  the  general  appearance 
of  the  animal  in  the  living  condition  enlarged  four  and  one  half 
times,1  while  figure  2  represents  under  the  same  enlargement  a 

1  This  figure  and  figure  2  are  redrawn  from  color  sketches  from  the  living- 
animals  kindly  made  for  me  by  Mr.  H.  B.  Bigelow. 
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small  branch  of  Obelia  marginata  Allman,  in  which  it  will  be 
observed  that  the  general  color  plan  is  very  similar  to  that  of  the 
pycnogonid.  This  protective  resemblance  is  heightened  by  the 
slenderness  of  the  legs  and  body,  which  are  of  nearly  the  same 
diameter  as  the  branches  of  the  hydroids.  The  combination  of 
form  and  color  in  this  subspecies  makes  the  animals  very  incon¬ 
spicuous,  and  in  order  to  find  them  it  is  necessary  to  look  the 
hydroids  over  piece  by  piece  with  great  care.  Some  idea  of  the 
protection  thus  afforded  is  given  in  figure  3  (pi.  20)  where  a  pyc¬ 
nogonid  is  shown  clinging  to  the  hydroids,  both  being  drawn 
natural  size. 

One  male  was  found  carrying  eggs.  These  were  in  nearly  a 
dozen  small,  irregularly  rounded  masses.  The  eggs  themselves  are 
very  small,  so  that  there  are  large  numbers  of  them  in  a  single  mass. 

As  is  shown  in  the  table  below,  only  four  specimens  were  found, 
all  males,  and  all  came  from  the  ‘cut’  connecting  Harrington 
Sound  with  Flatts  Inlet.  The  single  specimen  of  A.  insignis  taken 
by  the  ‘Challenger’  was  dredged  at  Bahia  (Brazil)  in  7  to  20 
fathoms  of  water. 


Spe c i mens  exam ine d. 


Locality. 

No.  of  specimens. 

Date. 

• 

Source. 

Flatts  Inlet .... 

(B.  B.  S.  sta.,  1403) 

1  $ 

17  July,  1003 

(Coll,  by  L.  J.  C.) 

Flatts  Inlet .... 
(B.  B.  S.  sta.,  1403) 

1  $  (w.  eggs) 

18  July,  1903 

(Coll,  by  L.  J.  C.) 

Flatts  Inlet  .... 

(B.  B.  S.  sta.,  1403) 

2  $ 

28  July,  1903 

(Coll,  by  L.  J.  C.) 
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EXPLANATION  OF  PLATES. 

PLATE  20. 

Anoplodactylus  insignis  bermudensis,  subsp.  nov. 

Fig.  1.  Adult  male  viewed  from  above,  showing  colors  of  the  living  animal. 
X  4.5. 

Fig.  2.  Portion  of  small  branch  of  hydroid,  Obelia  margincita  Allman,  in 
colonies  of  which  the  pycnogonids  are  found.  X  4.5. 

Fig.  3.  A  specimen  of  Anoplodactylus  among  the  hydroids,  showing  how 
inconspicuous  it  is,  both  on  account  of  its  slender  form  and  its 
coloration.  Natural  size. 
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Cole.  —  Bermuda  Pycnogonida. 


Fig.  4. 
Fig.  5. 
Fig.  6. 
Fig.  7. 
Fig.  8. 

Fig.  9. 
Fig.  10. 
Fig.  11. 


Fig.  12. 
Fig.  13. 
Fig.  14. 


Fig.  15. 
Fig.  16. 


Fig.  17. 
Fig.  18. 


PLATE  21. 

Fig.  4-14.  Ammothea  gracilis  (Verrill). 

Female  viewed  from  above.  X  22. 

Female,  from  right  side.  Appendages  of  right  side  removed.  X  38. 
Left  palp  and  oviger  of  male.  X  56. 

Left  palp  and  oviger  of  female.  X  56. 

Chelifori  of  adult  female,  from  above.  Same  specimen  as  fig.  4. 
X  112. 

Foot  of  female.  Same  specimen  as  fig.  4.  X  56. 

Terminal  part  of  oviger  of  male.  X  253. 

Coxal  joints  of  fourth  left  leg  of  male,  anterior  aspect,  showing  the 
short  genital  projection  on  the  ventral  side  at  the  distal  end  of  the 
joint.  X  56. 

Right  cheliforus  of  an  immature  specimen,  seen  from  above.  X  112. 
Profile  of  eye  tubercle,  seen  in  posterior  view.  X  112. 

Coxal  and  femoral  joints  of  second  right  leg  of  male,  posterior 
aspect,  showdng  the  spinose  projections  on  the  first  and  second 
coxal  joints  and  the  absence  of  a  genital  projection  on  the  second. 
X  22. 


Fig.  15-18.  Ammothella  appendiculata  (Dohrn). 

Adult  male  from  left  side.  Legs  of  left  side  removed.  X  38. 

Right  cheliforus  of  immature  specimen,  from  above.  (Yale  univ. 

museum,  no.  3362.)  X  112. 

Leg  of  female,  second  pair.  X  24. 

Ventro-distal  portion  of  second  coxal  joint  of  fig.  17,  enlarged  to 
show  the  prominence  upon  which  the  opening  of  the  genital  duct 
is  situated.  X  94. 
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Cole.— Bermuda  Pyenogonida. 


Fig.  19. 
Fig.  20. 


Fig.  21. 
Fig.  22. 
Fig.  23. 
Fig.  24. 

Fig.  25. 
Fig.  26. 
Fig.  27. 
Fig.  28. 


Fig.  29. 


PLATE  22. 

All  figures  except  19  are  of  the  male. 

Figs.  19, 20.  Ammothella  appendiculata  (Dohrn). 

Eye  tubercle  and  left  cheliforus,  palp,  and  oviger  of  female.  X  65. 

Oviger  of  male.  X  65. 

Fig.  21-29.  Anoplodactylus  insignis  bermudensis,  subsp.  nov. 

Adult  male,  from  right  side.  Legs  of  right  side  removed.  X  15. 

Left  cheliforus  of  same  specimen,  seen  from  median  side.  X  28. 

Chelae  of  same,  more  highly  magnified.  X  94. 

Opening  of  gland  on  dorsal  side  of  femoral  joint  of  male.  X  56. 
Compare  fig.  27. 

Terminal  joints  of  oviger.  X  62. 

Left  oviger,  median  face,  from  specimen  shown  in  fig.  21.  X  22. 

Second  right  leg  of  male,  posterior  aspect.  X  9.4 

Coxal  joints  of  third  right  leg  of  male,  posterior  aspect,  showing  the 
long  projection  on  the  second  joint,  which  bears  the  opening  of 
the  genital  duct.  X  22. 

Adult  male,  viewed  from  in  front,  to  show  the  position  assumed  by 
the  chelifori,  their  relation  to  the  proboscis,  and  the  shape  of  the 
eye  tubercle  in  antero-posterior  view.  X  15. 
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BY  G.  P.  CLINTON. 

Introduction. 

The  present  monograph  is  largely  the  result  of  studies  made 
during  the  two  years  1900-1902  in  the  Cryptogamic  laboratory  of 
Harvard  university.  The  writer  has,  however,  been  greatly 
interested  in  the  Ustilagineae  during  the  past  ten  years.  In  the 
study  of  these  fungi  there  has  been  kept  in  mind  a  fourfold  treat¬ 
ment.  (1)  The  earlier  studies  were  confined  to  the  species  found 
in  Illinois,  especially  to  those  of  economic  importance.  As  a  partial 
result  of  these  investigations,  Bulletins  47  and  57  of  the  Illinois 
agricultural  experiment  station  were  issued.  (2)  A  systematic 
treatment  of  the  North  American  species  was  planned.  The  pre¬ 
liminary  paper  giving  species,  hosts,  distribution,  with  some  notes 
on  excluded  forms  and  synonymy,  was  issued  in  October,  1902,  in 
the  Journal  of  mycology.  The  present  paper  is  the  ultimate  out¬ 
come  of  the  work.  (3)  Distribution,  in  exsiccati  form,  was  under¬ 
taken  of  available  North  American  species  on  their  various  hosts. 
The  first  century  was  issued  in  January,  1903,  as  Supplement  C  of 
Seymour  and  Earle’s  Economic  fungi.  Specimens  for  the  second 
century  are  largely  in  hand.  It  is  hoped,  with  the  aid  of  those 
interested  in  the  group,  to  extend  this  work  until  it  includes  all  of 
the  species  and  many  of  the  hosts  reported  from  this  continent.  (4) 
Studies  of  spore  germination,  growth  of  artificial  cultures,  sectioning 
of  preserved  material,  and  infection  experiments,  are  subjects  under 
investigation  or  contemplated.  Illustration  of  all  North  American 
species  by  spore  drawings  is  under  consideration. 

Considerable  labor  has  been  required  for  the  preparation  of  the 
present  paper,  especially  in  the  examination  of  specimens  and 
literature.  For  aid  in  these  particulars  the  writer  is  indebted  to  a 
large  number  of  botanists  for  specimens  and  is  under  especial  obli¬ 
gations  to  a  few  for  greater  favors.  Thanks  are  due  to  the 
following  for  specimens :  Europe ,  J.  Bresadola,  P.  Hennings, 

iContributions  from  the  Cryptogamic  laboratory  of  Harvard  university,  no.  57. 
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P.  A.  Karsten,  G.  Massee,  E.  Rostrup ;  America ,  A.  P.  Anderson, 
J.  C.  Arthur,  G.  F.  Atkinson,  E.  Bartholomew,  H.  L.  Bolley, 
Stewardson  Brown,  T.  J.  Burrill,  A.  Davidson,  J.  J.  Davis,  F.  S. 
Earle,  Alice  Eastwood,  J.  B.  Ellis,  A.  W.  Evans,  W.  G.  Farlow, 
A.  O.  Garrett,  David  Griffiths,  B.  D.  Halsted,  R.  A.  Harper, 
E.  W.  D.  Holway,  H.  H.  Hume,  L.  R.  Jones,  W.  A.  Ivellerman, 
W.  H.  Long,  J.  B.  S.  Norton,  L.  H.  Pammel,  Flora  W.  Patter¬ 
son,  S.  B.  Parish,  C.  Y.  Piper,  P.  L.  Ricker,  H.  F.  Roberts,  A.  B. 
Seymour,  R.  Thaxter,  S.  M.  Tracy,  Wm.  Trelease,  M.  B.  Waite, 
A.  F.  Woods.  B.  L.  Robinson,  M.  L.  Fernald,  and  J.  M.  Green- 
man,  of  the  Gray  herbarium,  have  determined  such  hosts  as  were 
submitted  to  them. 

The  preparation  of  the  paper  has  been  under  the  immediate  direc¬ 
tion  of  Professors  W.  G.  Farlow  and  R.  Thaxter.  To  the  latter  the 
writer  is  indebted  for  aid  at  all  points  in  its  progress ;  to  the  former 
for  the  very  free  access  to  the  specimens  in  the  Cryptogamic  her¬ 
barium  of  Harvard  university,  for  the  use  of  literature  in  his  private 
library,  for  his  kindness  in  looking  up  and  verifying  references,  and 
for  his  ripe  judgment  on  questions  involving  particular  considera¬ 
tion.  Too  great  acknowledgment  cannot  be  given  for  the  aid 
received  from  these  mycologists.  Mr.  A.  B.  Seymour,  Mr.  E.  W. 
D.  Holway.  and  Dr.  David  Griffiths  have  also  been  of  especial 
service. 

Besides  access  to  the  unrivaled  sets  of  exsiccati,  the  general 
collection  of  Ustilagineae,  and  the  Curtis  herbarium  at  Harvard 
university,  examination  has  been  made  of  specimens  at  the  Univer¬ 
sity  of  Illinois,  the  Cryptogamic  herbarium  of  the  U.  S.  department 
of  agriculture,  the  Schweinitz  specimens  at  the  Philadelphia  academy 
of  natural  sciences,  the  private  collections  of  E.  W.  D.  Holway, 
L.  H.  Pammel,  David  Griffiths,  and  the  writer’s  own  herbarium. 
Partial  examination  was  made  of  the  specimens  in  the  New  York 
botanical  garden.  Through  these  sources  and  from  the  above 
botanists  practically  all  of  the  species  reported  from  North  America 
have  been  seen  and  these  included  most  of  the  types  or  authenti¬ 
cated  specimens. 

The  specific  names  presented  here  have  been  based  mainly  on 
priority  of  publication,  though  no  especial  effort  has  been  made  to 
dig  up  obsolete  names  to  supplant  those  im  general  use.  The  names 
of  the  hosts  are  chiefly  those  of  Gray’s  Manual,  sixth  edition,  since 
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these  correspond  most  nearly  with  those  used  in  Farlow  and  Sey¬ 
mour’s  Host  index  fungi  IT.  S.  and  Saccardo’s  Sylloge  fungorum. 

The  synonyms  given  are  based  partially  on  personal  investigations 
and  partially,  especially  of  European  species,  on  the  reports  of 
previous  writers.  In  most  cases  there  can  be  but  one  opinion 
whether  two  species  are  the  same  or  distinct,  but  in  some  instances 
it  is  a  question  of  individual  opinion.  We  have  regarded  the  host 
as  of  considerable  value  in  determining  species  but  have  aimed  not  to 
be  wholly  guided  by  it.  In  the  preliminary  paper  there  was  given  a 
list  of  the  names  that  were  reduced  to  synonyms.  To  these  may  be 
added  the  following  reduced  here :  Cintractia  affinis  Pk.  =  C. 
leucoderma,  Cintractia  sphaerogena  Hume  =  Ustilago  spliaero- 
gena ,  Entyloma  leuco-maculans  Hume  =  E.  serotinum,  Entyloma 
Pammelii  Hume  =  E.  lineatum ,  Tilletia  subfused  Hume  =  Usti¬ 
lago  Vilfae ,  Ustilago  Muhlenberg iae  Clint.  =  U.  Muhlenberg icie  P. 
Henn.,  Ustilago  Scolochloae  Griff.  =  U  Arthurii.  In  the  same 
paper  there  is  also  given  a  list  of  the  species  excluded  as  not 
properly  belonging  with  the  Ustilagineae.  The  Tilletia  ?  Sphagni- 
like  fungus  on  Ricciocarpus  natans  reported  by  Davis  (Bot.  Gaz., 
36  :  306-307)  apparently  belongs  with  these. 

The  present  paper  contains  the  following  species  not  reported  in 
the  first :  Entyloma  Ranunculi ,  Sorosporium  contortum ,  S.  Eri- 
ochloae ,  Tilletia  Airae,  T.  Wilcoxiana,  Thecaphora  Thornberi , 
Urocystis  Colcliici ,  Ustilago  Arthur ii,  U.  calcara,  U  heterogena1 
U.  lycuroides ,  U  minima  /  and  the  following  new  species, 
Cintractia  Cyperi ,  C.  limitata,  Sphacelo theca  Chrysopogonis ,  S. 
Hydropiperis  var.  borealis,  8.  Seymouriana ,  Thecaphora  t  uni  cat  a, 
Tolyposporella  f  JSholinae ,  Ustilago  Calandriniae ,  U  Piperii , 
U  Rumicis,  U.  Triplasidis ;  and  Ustilago  JShealii  and  Ustilago 
strangulans  which  have  been  placed  under  Sphacelotheca. 

The  exsiccati  issued  by  various  American  and  European  botanists 
have  been  examined  and  all  of  the  specimens  of  Ustilagineae  col¬ 
lected  in  North  America  are  placed  here  under  what  the  writer 
considers  their  proper  species,  though  the  names  of  the  species  and 
hosts  are  given  as  originally  reported.  About  450  specimens  have 
been  issued  in  the  following  sets :  American ,  Ell.,  Ev.,  &  Barth., 
Fungi  Col.,  i-xix  ;  Ell.  &  Ev.,  N.  A.  Fungi,  i-xxxvi  ;  Griff.,  West 
Amer.  Fungi,  i-iv  ;  Kell.,  Ohio  Fungi,  1-160;  Kell.  &  Sw.,  Ivans. 
Fungi,  1-50;  Rav.,  Fuijgi  Amer.,  i-viii  ;  Rav.,  Fungi  Car.,  i-v ; 
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Sejm.  &  Earle,  Econ.  Fungi,  i-xi  ;  ditto,  Clinton  Ust.  Suppl.  C, 
1-100;  Shear,  N.  Y.  Fungi,  i-iii  ;  Und.  &  Cook,  Illust.  Fungi, 
1-100;  European ,  Syd.,  Ust.,  i-vi;  also  occasional  specimens  in 
Rab.,  Fungi  Fur.;  Roum.,  Fungi  Sel.;  Tliiim.,  Myc.  Uni.,  etc. 

The  specific  descriptions  given  are  based  on  the  writer’s  exam¬ 
ination  of  available  material.  In  some  cases  the  abundance  of  this, 
variable  in  character,  has  necessarily  given  a  broader  description 
than  were  only  the  single  type  specimen  described.  In  some  few 
cases,  possibly,  the  specimens  seen  have  been  immature  and  thus 
imperfectly  reflected  their  later  character,  especially  as  to  spore  color 
and  markings.  In  some  species  a  smooth  coat  may  later  become 
granular,  or  reticulations  at  first  faint,  become  more  evident.  The 
character  of  the  sorus  has  probably  been  brought  into  these  descrip¬ 
tions  more  prominently  than  usual.  The  germination  of  the  spores 
has  been  omitted  altogether.  Though  important  as  a  fact  in  the  life 
history  of  the  species,  it  is  not  very  useful  in  their  determination,  and 
is  not  known  for  the  majority. 

Some  of  the  hosts  given  for  certain  of  the  species  have  not  been 
seen,  but  had  to  be  reported  on  the  authority  of  others.  So,  too, 
the  distribution  is  derived  partly  from  literature,  though  many  speci¬ 
mens  have  been  examined  to  verify  and  extend  this.  From  the 
writer’s  experience  in  three  States,  collecting  especially  for  these 
fungi,  it  is  evident  that  the  distribution  of  many  of  the  species  is 
very  imperfectly  known.  Probably  a  thorough  survey  of  the  differ¬ 
ent  States  will  show  from  50  to  70  species  in  each.  The  table  at  the 
end  of  this  paper,  while  it  aims  to  show  the  distribution  of  our 
species  in  the  other  continents,  lays  no  claim  to  completeness. 

Practically  all  of  the  references  to  literature  have  been  examined 
personally.  To  aid  in  the  work  an  extensive  card  index  to  all  species 
has  been  made  and  access  to  the  extensive  card  index  of  American 
species  in  the  Cryptogamic  herbarium  of  Harvard  university  has 
been  had.  The  literature  is  considerable.  That  from  America 
relates  chiefly  to  distribution,  to  description  of  new  species,  or  to  the 
study  of  the  economic  species,  especially  by  various  station  botan¬ 
ists  looking  toward  prevention.  No  especial  attempt  has  been  made 
in  this  country  to  monograph  the  group  or  its  genera  except  in  Set- 
chell’s  very  admirable  papers  on  Doassansia. 
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USTILAGINEAE  Tul. 

Ann.  Sci.  Nat.,  Bot.,  hi,  7  :  73.  1847. 

Parasitic  fungi  infesting  various  parts  of  herbaceous  flowering 
plants.  Infection  through  the  very  young  tissues  of  any  part  of  the 
host  or  more  frequently  limited  to  special  portions,  often  only  through 
the  germinating  seed.  Mycelium  local  or  widespread,  consisting  of 
hyaline,  somewhat  septate,  branched  filaments  practically  limited  to 
the  interior  of  the  host ;  at  maturity  often  disappearing  partially  or 
wholly  through  gelatinization  ;  fertile  mycelium  compacting  into 
masses  and  giving  rise,  in  various  ways,  to  chlamydospores  formed 
from  their  internal  contents ;  rarely  developing  a  conidial  stage  on 
the  exterior  of  the  host.  Sori  evident,  usually  forming  dusty  or 
agglutinated  spore  masses  that  break  out  in  definite  places  on  the 
host ;  more  rarely  permanently  embedded  in  the  tissues.  Chlamy¬ 
dospores  (spores)  light  to  dark  colored,  4-35  ^  in  diameter,  simple,  in 
pairs  or  in  spore  balls,  the  latter  often  composed  in  part  of  sterile 
cells.  Germination  by  means  of  a  promycelium,  usually  producing 
terminal  or  lateral  sporidia,  which  may  be  capable  of  a  saprophytic 
existence  in  nature  and  which  often  reproduce  themselves  abundantly 
through  a  yeast-like  process  of  budding. 

The  order  contains  24  genera  included  under  two  families,  as  fol¬ 
lows  :  U stil aginaceae,  Cintractia,  Kuntzeomyces,  Melanopsichium, 
Mykosyrinx,  Schizonella,  Schroteria1,  Sorosporium,  Sphacelotheca, 
Testicularia,  Thecaphora,  Tolyposporella,  Tolyposporium,  Ustilago, 
and  Tilletiaceae,  Burrillia,  Doassansia,  Entyloma,  Melanotaenium, 
Neovossia,  Polysaccopsis,  Schinzia1,  Tilletia,  Tracya,  Tuburcinia,  Uro- 
cystis.  The  following  names,  for  one  reason  or  another,  have  become 
synonyms  of  the  preceding  :  Cornuella,  Didymochlamys,  Entorrhiza, 
Geminella,  Milleria,  Polycystis,  Vossia.  The  writer  does  not  con¬ 
sider  that  Anthracoidea,Doassansiopsis,Endothlaspis,  Poikilosporium, 
Rhamphospora,  Setchellia,  and  Ustilagidium  merit  distinct  generic 
rank.  The  following  genera  are  excluded  as  belonging  to  other 
groups  :  Cerebella,  Elaeomyees,  Grapliiola,  Hypostomum,  Meria, 
Oedomyces,  Paipalopsis,  Sirentyloma,  Sporophaga,  Tuberculina, 

1  The  family  position  of  these  two  genera  is  not  definitely  settled.  Some 
botanists  consider  them  doubtful  smuts. 


334  PROCEEDINGS :  BOSTON  SOCIETY  NATURAL  HISTORY. 


Uleiella  (Ulea),  Ustilaginoidea,  Ustilagopsis.  All  of  the  24  genera, 
except  five  (Kuntzeomyces,  Melanotaenium,  Polysaccopsis,  Schinzia, 
Schroteria),  are  found  in  North  America.  Saccardo,  including 
volume  16,  Syll.  Fung.,  has  described  about  568  species,  but  a  num¬ 
ber  of  these  are  now  known  not  to  be  distinct.  There  are  205  species 
(with  varieties)  described  here  from  North  America.  These  have 
been  reported  on  442  hosts,  distributed  under  164  host  genera  and 
35  families  of  flowering  plants. 


Artificial  Key  to  Genera. 


The  following  key  to  the  genera  reported  in  North  America  is 
based  on  their  more  evident  morphological  characters. 

i.  Spores  single. 

A.  Usually  forming  a  dusty  sorus  at  maturity  (see  also  i.  B.  2, 

hi.  A.  la). 

1.  Large,  usually  16-35  /x. 

a.  With  an  elongated  hyaline  appendage  .  JVeovossia 

b.  Without  a  conspicuous  appendage  .  .  Tilletia 

2.  Small  to  medium,  usually  5-18  /x. 

a.  Sorus  covered  with  a  false  membrane  of  fungous  cells 

Sphcicelotheca 

b.  Protecting  membrane,  if  any,  of  plant  tissue  Ustilago 

B.  More  or  less  firmly  agglutinated  at  maturity  (see  also  hi.  B.  1). 

1.  Firmly  agglutinated  into  irregular  tubercular  nodules 

Melanopsichium 

2.  Developed  around  a  central  columella  (rarely  becoming 

dusty)  ...... 

C.  Imbedded  in  leaves  at  maturity. 

1.  Usually  hyaline  or  light  colored 

ii.  Spores  chiefly  in  pairs. 

A.  Forming  an  agglutinated  sorus  (on  leaves) 

B.  Forming  a  dusty  sorus  (inside  peduncles)  . 
hi.  Spores  in  more  or  less  regular  balls. 

A.  Forming  a  dusty  or  granular  sorus  at  maturity. 

1.  Spore  balls  consisting  only  of  fertile  cells. 

a.  Usually  evanescent,  olive  or  black  brown 


Cintractia 

Entyloma 

Schizonella 
Myko  syrinx 


Sorosporium 
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b.  Rather  permanent,  yellowish  or  reddish,  with  markings 

only  on  free  surface  of  spores  .  Thecaphora 

c.  Quite  permanent ;  spores  adhering  by  folds  or  thicken¬ 

ings  of  outer  coat  .  .  Tolyposporium 

2.  Spore  balls  with  outer  sterile  cortex  .  .  Urocystis 

B.  Forming  an  agglutinated  sorus  at  maturity. 

1.  Spore  balls  (variable)  composed  of  thick  walled  spores 

Tolyposporella 

2.  Spore  balls  with  peripheral  spores  and  central  sterile  cells 

Testicularia 

C.  Imbedded  in  plant  tissues  at  maturity. 

1.  Spore  balls  without  definite  cortex  of  sterile  cells. 

a.  Composed  entirely  of  dark  colored  spores  Tuburcinia 

b.  Composed  of  light  colored  spores  and 

*  With  or  without  central  sterile  cells  Burrillia 

**  With  a  central  network  of  filaments  Tracya 

2.  Spore  balls  with  cortex  of  sterile  cells. 

a.  Spores  light  colored  (with  or  without  central  sterile 
tissue)  ......  Doassansia 

USTILAGINACEAE  Schl’Ot. 

Krypt.  FI.  Schles.,  3  1 :  266.  1887. 

Sori  usually  forming  exposed  dusty  or  agglutinated  spore  masses. 
Germination  by  means  of  a  septate  promycelium  which  gives  rise  to 
terminal  and  lateral  sporidia  (capable  of  yeast-like  multiplication  in 
nutrient  solutions)  or  else  to  infection  threads. 

Key  to  Genera. 

i.  Spores  single. 

A.  Sori  dusty  at  maturity. 

1.  Without  definite  false  membrane  .  .  .  Ustilago 

2.  With  false  membrane  of  definite  fungous  cells 

Sphacelotheca 

B.  Sori  agglutinated  at  maturity. 

1.  Firmly  agglutinated  into  conspicuous  tubercular  nodules 

Melanopsi  chiwn 

2.  Developed  around  a  central  columella  (rarely  dusty) 

Cintractia 
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ii.  Spores  chiefly  in  pairs. 

A.  Sori  agglutinated  (on  leaves)  ....  Schizonella 

B.  Sori  dusty  (inside  peduncles)  ....  MyJcosyrinx 

hi.  Spores  in  balls. 

A.  Sori  dusty  or  granular. 

1.  Spore  balls  often  evanescent;  spores  olive  or  black  brown 

Sorosporium 

2.  Spore  balls  rather  permanent;  spores  yellowish  or  reddish, 

with  markings  only  on  free  surface  .  Thecciphora 

3.  Spore  balls  quite  permanent ;  spores  adhering  by  folds  or 

thickenings  of  outer  coat  .  .  Tolyposporium 

B.  Sori  agglutinated. 

1.  Spore  balls  (variable)  composed  of  thick  walled  spores 

Tolyposporella 

2.  Spore  balls  with  peripheral  spores  and  central  sterile  cells 

Testiculciria 

Under  the  above  11  genera,  129  species,  with  varieties,  are  de¬ 
scribed  here  from  North  America. 


Ustilago  Rouss.1 

FI.  clu  Calv.,  47.  1806. 

( Necrosis  Paul.,  Traite  des  Champ.,  1 :  548.  1793.) 

( Ustilago  Pers.,  Syn.  Fung.,  224.  1801.  Sub-genus.) 

( Ustilagidium  Herzb.,  Zopf  Beitr.  Phys.  Morph.  Org.,  5  :  7.  1895.) 

Type :  Ustilago  segetum  Pers. 

Host:  Gramineae.  Fr. 

Sori  on  various  parts  of  the  hosts,  at  maturity  forming  dusty r 
usually  dark  colored  spore  masses  /  spores  single ,  produced  irregu¬ 
larly  in  the  fertile  mycelial  threads  which  early  entirely  disappear 
through  gelatinization  ;  small  to  medium  in  size  ;  germination  by 

1  Bauhin,  Hist.  Plant.,  2 :  418,  in  1651,  is  really  the  founder  of  Ustilago. 
Fries  or  Persoon  is  ordinarily  cited  as  the  authority  for  the  genus.  Fries  used 
Ustilago  as  a  genus  in  his  Syst.  Myc.,  3  :  517,  in  1829,  with  U.  grandis  as  the 
first  species.  Persoon  used  Ustilago  as  a  subgenus  under  Uredo  with  Uredo 
segetum  as  the  first  species  having  five  varieties  of  which  a  U.  Hordei  is  first. 
Paulet’s  name,  Necrosis,  cannot  be  regarded  as  a  true  generic  name,  but  was 
used  more  as  a  descriptive  term. 
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means  of  a  septate  promycelium  producing  only  infection  threads 
or  with  sporidia  formed  terminally  and  laterally  near  the 'Septa; 
sporidia  in  water  usually  germinating  into  infection  threads  but  in 
nutrient  solutions  multiplying  indefinitely,  yeast  fashion. 

This  is  the  largest  genus  of  smuts  and  occurs  on  a  great  variety 
of  hosts,  the  Gramineae  furnishing  the  greatest  number.  It  is  also 
the  oldest  genus  and  therefore  the  type  of  the  Ustilagineae. 
Among  its  species  are  found  some  of  the  most  injurious  parasites  of 
the  cereals.  Saccardo  describes  248  species  and  72  are  included 
here  from  North  America.  Sphacelotheca,  Melanopsichium,  and 
Sorosporium  are  closely  related  to  this  genus.  B  ref  eld  has  divided 
it  into  Proustilago,  Hemiustilago,  and  Euustilago,  groups  character¬ 
ized  by  their  types  of  germination.  It  is  not  possible  to  classify  the 
species  given  here  under  these  because  the  germination  of  many  is 
not  known.  The  species  are  arranged  as  nearly  as  they  can  be 
according  to  their  apparent  relationships,  though  it  is  evidently 
impossible  to  fully  or  exactly  express  these  in  a  linear  arrangement. 

*  Spores  pale  to  dark  reddish  brown. 

Ustilago  minima  Arth. 

Ustilago  minima  Arth.,  Bull.  Ia.  Agr.  Coll.,  Dept.  Bot.,  172.  1881. 

Exsiccati :  Ustilago  hypodytes  (Schl.)  Fr.,  on  Stipa  spartea,  Seym.  & 
Earle,  Econ.  Fungi,  Clinton  Ust.  Suppl.  C  70;  Ustilago  minima  Arth.,  on 
Stipa  spartea ,  Griff.,  West  Amer.  Fungi,  237. 

Sori  on  stems,  linear,  usually  3-5  cm.  in  length,  with  a  conspicu¬ 
ous  whitish  false  membrane  composed  chiefly  of  elongated  sterile 
fungous  threads,  upon  rupture  disclosing  dusty  black  brown  spore 
mass  surrounding  stem  as  columella ;  spores  light  reddish  brown, 
chiefly  ovoid  to  subspherical  or  spherical,  smooth,  3. 5-4. 5  /x,  or 
elongated  5.5  g  in  length. 

Hosts  :  Oryzopsis  cuspidata ,  Ariz. ;  Stipa  spartea ,  Ia.  (type). 

The  writer  has  previously  thought  that  this  species  was  not  dis¬ 
tinct  from  Ustilago  hypodytes  and  possibly  it  may  not  deserve 
separate  recognition.  Upon  receiving  the  specimens  on  Oryzopsis 
cuspidata  from  Arizona,  collected  by  David  Griffiths  in  the  Navajo 
Indian  reservation  last  year,  the  prominence  of  the  sterile  membrane 
covering  the  sorus  impressed  us,  as  it  did  Dr.  Griffiths,  as  separating 
these  specimens  from  the  ordinary  form  of  Ustilago  hypodytes . 
Upon  looking  into  the  subject  more  carefully  it  was  found  that 
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Arthur’s  specimens  of  Ustilago  minima  were  also  provided  with  such 
a  membrane  though  apparently  because  of  the  maturity  of  the  speci¬ 
mens  it  did  not  show  so  prominently.  In  his  brief  description  of 
the  species  Professor  Arthur  does  not  mention  this  character.  Both 
specimens  also  seem  to  differ  from  specimens  of  Ustilago  hypodytes, 
even  on  the  same  host,  by  somewhat  smaller  and  more  regular 
spores.  The  author  has  collected  the  true  Ustilago  hypodytes  on 
Stipa  spartea  in  Illinois,  and  Ellis  reports  it  (Bull.  Torr.  Bot.  Club, 
24  :  457 ;  ibid .,  27 :  62)  on  Oryzopsis  cuspidata  from  Colorado. 
An  examination  of  the  latter  specimen  in  the  1ST.  Y.  botanical  garden 
shows  it  to  be  as  reported.  Thus  these  two  plants  are  hosts  for 
both  species.  The  sterile  threads  of  the  false  membrane  of 
U.  minima  are  elongated,  apparently  usually  simple  and  with 
indistinct  lumen.  With  age  they  perhaps  gelatinize  so  that  the 
false  membrane  partially  disappears.  It  is  possible  that  this  mem¬ 
brane  is  formed  as  a  protection  to  the  sorus  only  when  this  is  not 
closely  enveloped  by  the  leaf  sheaths;  if  this  is  the  case  then  it 
scarcely  constitutes  a  distinct  specific  character. 

Ustilago  hypodytes  (Schl.)  Fr. 

Caeoma  hypodytes  Schl.,  FI.  Ber.,  2  :  129.  1824. 

Ustilago  hypodytes  Fr.,  Syst.  Myc.,  3  :  518.  1829. 

Erysibe  hypodytes  Wallr.,  FI.  Crypt.  Germ.,  2  :  216.  1833. 

Uredo  hypodytes  Desire,  Ann.  Sci.  Nat.,  ii,  13  :  182.  1840. 

Ustilago  Lygei  Rab.,  [Unio.  Itin.  Crypt.,  4.  1866.]  ? 

Ustilago  hypodytes  var.  Lygei  Rab.,  Fungi  Eur.,  1800.  1873. 

Ustilago  Sporoboli  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  24  :  282.  1897. 

Ustilago  funalis  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  24  :  457.  1897. 

Sorosporium  Williamsii  Griff.,  Bull.  Torr.  Bot.  Club,  29  :  296.  1902. 

Exsiccati  :  Sorosporium  Williamsii  Griff.,  on  Stipa  Richardsonii,  Griff., 
West.  Amer.  Fungi,  306;  Ustilago  hypodytes  (Schl.)  Fr.,  on  Agropyron 
occidental ,  Griff.,  West  Amer.  Fungi,  234;  on  Distichlis  spicata,  Griff., 
West  Amer.  Fungi,  235  ;  on  Elymus  condensatus,  Griff.,  West  Amer.  Fungi, 
233  ;  on  Elymus  striatus ,  Griff.,  West  Amer.  Fungi,  201  ;  on  Stipa  buco- 
tricha ,  Ell.,  Ev.,  &  Barth.,  Fungi  Col.,  1899  ;  on  Stipa  occidentalism  Griff., 
West  Amer.  Fungi,  236  ;  on  Stipa  spartea ,  Griff.,  West  Amer.  Fungi,  3, 
Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C,  71 ;  Ustilago  minima 
Arth.,  on  Stipa  eminens,  Ell.  &  Ev.,  N.  A.  Fungi,  3135,  Ell.  &  Ev.,  Fungi 
Col.,  537,  Syd.,  Ust.,  210. 

Sori  surrounding  internodes  (beginning  at  their  base)  for  usually 
the  greater  part  of  their  length,  linear,  hidden  by  enveloping  leaf 
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sheaths  but  without  special  covering  membrane,  when  mature  form¬ 
ing  dusty  dark  brown  spore  mass  ;  spores  ovoid  to  spherical,  occa¬ 
sionally  slightly  polyhedral  or  irregular,  smooth,  often  guttulate, 
chiefly  4-7  g  in  length. 

Hosts  :  Agropyrum  occidental,  Mont.,  S.  Dak. ;  Distichlis  mari- 
tirna ,  Ariz.,  Calif.,  N.  Mex.,  Nev.,  Ore.,  Tex.,  Wash.  ;  Elymus  Can¬ 
adensis ,  la. ;  E.  eondensatus ,  Calif..  Nev.,  Ore.,  Wash.  ;  E.  glaucus, 
Calif.;  E.  Sitanion ,  Wash.;  E.  striatus,  Mont.;  Oryzopsis  cuspi- 
data,  Colo.;  Poa  PucJdeyana,  Nev. ;  Puccinellia  airoides ,  Calif.; 
Sitanion  longifolium ,  Calif.  ;  Sporobolus  cryptandrus ,  Colo,  (type 
U.  Sporoboli  and  U.  funalis)  ;  Sporobolus  sp.,  Calif. ;  Stipa  comata , 
Mont.,  Neb.,  Wash.;  A.  coronata ,  Calif. ;  8.  eminens ,  Calif.;  A. 
occidentalis,  Ore.;  A.  liichardsonii ,  Wyo.  (type  A.  T Villiamsii)  ;  /S'. 
setigera ,  Calif.,  Tex. ;  A.  spartea ,  III.,  S.  Dak. ;  A.  Vaseyi ,  N.  Mex. ; 
A.  viridula,  S.  Dak. ;  Stipa  sp.,  Utah,  Wash. 

In  some  of  the  specimens  there  can  be  seen  the  circular  caps  that 
often  split  off  on  either  side  of  the  spores  before  germination.  Soro- 
sporium  ^Villiamsii ,  recently  described  by  Griffiths,  has  apparently 
this  condition  of  the  spores,  which  are  somewhat  swollen,  and  with 
epispore  more  or  less  split  open.  The  so  called  spore  balls  in  this 
case  result  from  a  mechanical  adherence  of  the  spores  in  irregular 
masses,  a  condition  often  seen  in  smuts  dried  under  certain  condi¬ 
tions.  Griffiths  has  called  attention  to  the  variation  with  which  this 
smut  attacks  different  hosts  in  the  west.  Distichlis  maritima  is 
sometimes  very  much  dwarfed;  Puccinellia  airoides ,  Sitanion  long i- 
folium,  and  Elymus  glaucus  sometimes  have  the  sori  in  the  leaf 
blades  and  even  in  the  inflorescence.  Winter  and  Brefeld  have 
described  the  germination  of  this  species. 

Ustilago  longissima  (Sow.)  Tul. 

Uredo  longissima  Sow.,  Engl.  Fungi,  t  139.  1799. 

Uredo  culmorum  Schum.,  Enum.  Plant.  Saell.,  2  :  233.  1803. 

Caeoma  longissimum  Schl.,  El.  Berol.,  2  :  129.  1824. 

Erysibe  longissima  Wallr.,  FI.  Crypt.  Germ.,  2  :  215.  1833. 

Ustilago  longissima  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  :  76.  1847. 

Uredo  fusco-virens  Ces.,  Klotz-Rab.  Herb.  Yiv.  Myc.,  1497.  1750. 

Ustilago  jilif or  mis1  Rostr.,  Bot.  For.  Fests.,  136.  1890. 

1  Rostrup  holds  that  this  species  was  first  described  by  Schrank  in  Hoppe’s 
Bot.  Taschenb.,  69,  in  1793,  as  Lycoperdon  Jilif ormis. 
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Exsiccati  :  Ustilago  longissima  (Sow.)  Till.,  on  Glyceria  grandis,  Ell. 
&  Ev.,  N.  A.  Fungi,  1096,  Ell.  &  Ev.,  Fungi  Col.,  409,  Seym.  &  Earle,  Econ. 
Fungi,  541,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  73,  C  74. 

Sori  in  leaves,  forming  more  or  less  distinct  and  linear  groups 
from  a  few  mm.  to  length  of  the  leaf,  soon  rupturing  epidermal  cov¬ 
ering  and  the  reddish  brown  spore  mass  becoming  scattered  from 
the  more  or  less  shredded  tissues  ;  spores  light  brown,  oblong  or 
ellipsoidal  to  spherical,  smooth  or  scarcely  granular  under  an  immer¬ 
sion,  4-8  y  in  length. 

Hosts:  Glyceria  arundinacea ,  la.,  Minn.;  G.  grandis ,  Conn., 
Mass.,  Mich.,  N.  Y.,  Vt.,  Wise.  ;  Glyceria  sp.,  N.  H. 

The  spores  of  the  American  specimens  average  slightly  larger 
than  those  of  the  European  ;  on  the  host  Glyceria  fluitans  they  are 
so  much  larger  that  Davis  has  described  this  form  as  a  distinct 
variety.  The  germination  has  been  reported  by  Fischer  de  Wald¬ 
heim,  Brefeld,  and  others.  Literature  :  20,  44. 

Ustilago  longissima  var.  macrospora  Davis. 

Ustilago  longissima  var.  macrospora 1  Davis,  Ell.  &  Ev.,  N.  A.  fungi,  3235. 

1895. 

Exsiccati:  Ustilago  longissima  var.  macrospora  Davis,  on  Glyceria 
fluitans ,  Ell.  &  Ev.,  N.  A.  Fungi,  3235,  Seym.  &  Earle,  Econ.  Fungi,  540, 
Syd.,  Ust.,  253,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  75. 

Sori  as  in  species  ;  spores  also  similar  except  somewhat  more  irreg¬ 
ular  and  angled,  apparently  smooth  but  under  an  immersion  minutely 
granular,  7-12  y  in  length. 

Hosts:  Glyceria  fluitans,  Ill.,  Me.,  Wise,  (type)  ;  G.  laxa ,  Me. 

The  form  on  Glyceria. ;  laxa  from  Maine  in  the  specimen  exam¬ 
ined  is  somewhat  intermediate  between  this  and  the  species.  Lit¬ 
erature  :  43. 

Ustilago  calcara  Griff. 

Ustilago  calcara  Griff.,  Bull.  Torr.  Bot.  Club,  31  :  85.  1904. 

Sori  in  the  leaf  sheaths,  occasionally  in  the  blades,  extending 
between  the  veins  and  rupturing  upon  the  exterior,  circular,  J  mm. 
in  diameter  or  linear  through  confluence  and  then  often  5  mm.  or 

1  Davis  gives  a  short  description  of  this  in  Trans.  Wise.  Acad.  Sci.  Arts 
&  Lett.,  11  :  174.  1897. 
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more  in  length  ;  spores  light  to  dark  reddish  brown,  irregular, 
ovate  to  subspherical,  often  pointed,  with  thin,  smooth  walls,  chiefly 
8-11  /x  in  length. 

Host :  j Bouteloua  breviseta ,  N.  Mex.  (type) . 

Grifliths  notes  that  this  smut  greatly  modifies  the  leaf  sheaths, 
internodes,  and  branching  of  infected  plants  so  that  they  resemble 
miniature  witches’  brooms.  The  smut  was  found  very  abundantly 
near  Roswell,  N.  Mex.  It  is  distinguished  in  the  field  from  the 
other  two  smuts  occurring  on  Bouteloua  leaves  by  the  effect  on 
the  host  and  by  the  absence  of  any  pustular  sori. 


Ustilago  Mexicana  Ell.  &  Ev. 

Ustilago  Mexicana  Ell.  &  Ev.,  Journ.  Myc.,  3:  56.  1887. 

Exsiccati  :  Ustilago  Mexicana  Ell.  &  Ev.,  on  Miihlenbergia  sp.,  Ell.  & 
Ev.,  N.  A.  Fungi,  1891. 

Sori  in  the  individual  spikelets  usually  infecting  all,  ovate,  small, 
about  1  mm.  in  length,  more  or  less  concealed  by  the  enveloping 
glumes  ;  spores  reddish  brown,  often  lighter  colored  on  one  side 
due  in  part  to  the  thinner  wall,  ovoid  to  spherical  or  somewhat 
angular  and  irregular,  smooth,  5.5-8  /x  in  length. 

Host:  Mulilenbergia  sp.,  Mex.  (type). 

The  spores  of  this  species  are  very  similar  to  those  of  Ustilago 
Ilordei  though  the  general  appearance  of  the  infected  inflorescence 
is  quite  different.  The  germination  has  not  been  reported. 

Ustilago  Hordei  (Pers.)  Kell.  &  Sw. 

Reticularia  segetum  Bull.,  Hist.  Champ.,  pi.  472.  1791.  p.  p. 

Uredo  segetum  a  Hordei  Pers.,  Disp.  Meth.  Fung.,  57.  1797. 

Uredo  carbo  DC.,  Fl.  Fr.,  6  :  76.  1815.  p.  p. 

Ustilago  segetum  Ditm.,  Sturm’s  Deutsch.  FL,  in,  1  :  67.  1817.  p.  p. 

Caeoma  segetum  Lk.,  Sp.  PL,  62 :  1.  1825.  p.  p. 

Erysibe  vera  a  Hordei  Wallr.,  Fl.  Crypt.  Germ.,  2  :  217.  1833.  p.  p. 

Uredo  Carbo-Hordei  Philipp  ,  Traite  Carie  Cliarb  ,  92.  1837.  p.  p. 

Ustilago  Carbo  a  vulgaris  c  Ilordeacea  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  : 
80.  1847.  p.  p. 

Ustilago  segetum  var.  Hordei  f.  tecta  Jens.,  Om  Korns.  Branch,  61.  1888. 

Ustilago  hordei  var.  tecta  Jens.,  Le  Cliarb.  Cer6ales,  4.  1889. 

Ustilago  Hordei  Kell.  &  Sw.,  Ann.  Rep.  Ivans.  Agr.  Exp.  Sta.,  2  :  268. 
1890. 
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Ustilago  tecta  hordei  Jens.,  Ann.  Rep.  Ivans.  Agr.  Exp.  Sta.,  2 :  269.  1890. 

Ustilago  Jensenii  Rostr.,  Overs.  Kong.  Dankse  Vid.  Selsk.  Forh.,  12. 

1890. 

Exsiccati:  Ustilago  Hordei  (Pers.)  Kell.  &  Sw.,  on  Hordeum  sp.  cult., 
Seym.  &  Earle,  Econ.  Fungi,  82  b,  Seym.  &  Earle,  Econ.  Fungi,  Clinton 
Ust.  Supp.,  C  69,  Ell.  &  Ev.,  Fungi  Col.,  1484,  Kell.,  Ohio  Fungi,  40, 
Griff.,  West  Amer.  Fungi,  28,  23  a;  Ustilago  segetum  f.  Hordei,  on  Hordeum 
vulgare,  Ell.,  N.  A.  Fungi,  1091. 

Sori  in  spikelets,  forming  an  adhering  purple  black  spore  mass, 
about  6-10  mm.  in  length,  covered  rather  permanently  by  the  trans¬ 
parent  basal  parts  of  glumes  ;  spores  lighter  colored  on  one  side, 
usually  subspherical  or  spherical,  smooth,  5-9  /x,  rarely  most  elon¬ 
gated  9-11  /x  in  length. 

Hosts:  Hordeum,  sps.  cult.,  Calif.,  Colo.,  Conn.,  Ia.,  Ill.,  Ind., 
Ivans.,  Mass.,  Me.,  Mich.,  Miss.,  Mo.,  X.  Dak.,  X.  H.,  X.  \ .,  Ohio, 
Ore.,  S.  Dak.,  Vt.,  Wash.,  Wise.  ;  Can.  ;  Mex. ;  Xova  Scotia. 

It  is  difficult  to  determine  exactly  the  synonymy  of  the  two  smuts 
of  barley,  as  botanists  considered  them  as  one  species  until  recently. 
The  one  described  here  is  apparently  not  so  common  in  this  country 
as  the  other,  though  both  are  often  found  in  the  same  field  and  are 
to  be  expected  in  any  region  where  barley  is  grown.  Ivellerman 
and  Swingle,  Brefeld,  and  others  have  described  the  germination  of 
the  spores.  Literature:  27,  88,  89,  94. 

Ustilago  levis  (Kell.  &  Sw.)  Magn. 

Ustilago  Avenae  y ar.  levis  Kell.  &  Sw.,  Ann.  Rep.  Ivans.  Agr.  Exp.  Sta., 
2  :  259.  1890. 

Ustilago  Kolleri  Wille,  Bot.  Not.,  1893  :  10.  1893 

Ustilago  levis  Magn.,  Abh.  Bot.  Ver.  Prov.  Brand.,  37  :  69.  1896. 

Exsiccati:  Ustilago  Avenae  (Pers.)  Jens.,  on  Avena  sativa ,  Griff.,  West 
Amer.  Fungi,  27;  Ustilago  levis  (Kell.  &  Sw. )  Magn.,  on  Avena  sativa , 
Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  72  ;  Ustilago  segetum 
f.  Avenae,  on  Avena  sativa ,  Ell.,  N.  A.  Fungi,  1092.  p.  p.  ? 1 

Sori  in  spikelets,  forming  a  black  brown  adhering  spore  mass, 
sometimes  small  and  entirely  concealed  by  the  glumes  but  usually 

1  Said  to  be  Ustilago  levis  by  Ivellerman  and  Swingle  but  the  specimens  exam¬ 
ined  by  the  writer  were  Ustilago  Avenae.  It  is  very  likely  that  these  species 
occur  more  or  less  mixed  in  exsiccati. 
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evident  and  destroying  inner  and  basal  parts  ;  spores  lighter  colored 
on  one  side,  subspherical  to  spherical  or  more  rarely  more  elongated, 
smooth,  5-9  /x,  rarely  most  elongated  11  p.  in  length. 

Host:  Avena  sativa,  Conn.,  Ia.,  Ill.,  Ivans,  (type),  Ohio,  S.  Dak., 
Utah,  Wise.,  W.  Ya. ;  Nova  Scotia. 

This  smut  is  very  closely  related  to  Ustilago  Avenae,  also  on  oats. 
It  differs  in  having  smooth  spores  and  does  not  so  thoroughly  destroy 
the  infested  spikelets.  As  it  has  usually  passed  as  that  species  its 
distribution  is  undoubtedly  much  more  extended  than  is  given  here. 
Kellerman  and  Swingle  reported  its  germination.  Literature  :  27, 
94,  115. 

Ustilago  perennans  Rostr. 

Erysibe  vera  8  Hold  avenacei  Wallr.,  FI.  Crypt.  Germ.,  2  :  217.  1833. 

Ustilago  segetum  Auct.  p.  p. 

Ustilago  Avenae 1  Auct.  p.p. 

Ustilago  perennans  Rostr.,  Overs.  Kong.  Danske  Yid.  Selsk.  Forh.,  15. 

Mr.  1890. 

Cintractia  avenae  Ell.  &  Tr.,  Journ.  Myc.,  6  :  77.  My. 4890. 

Exsiccati  :  Ustilago  segetum  (Bull.),  on  Arrhenatherum  avenaceum ,  Ell. 

&  Ev.,  N.  A.  Fungi,  1893 b,  Seym.  &  Earle,  Econ.  Fungi,  83,  Ell.  &  Ev., 

N.  A.  Fungi,  2703  ;  Ustilago  perennans  Rostr.,  on  Arrhenatherum  avena¬ 
ceum,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  83. 

• 

Sori  in  spikelets,  more  or  less  destroying  the  basal  and  inner  parts, 
sometimes  even  running  down  on  pedicles,  oblong,  about  3-8  mm. 
in  length,  with  dusty,  olive  brown  spore  mass  ;  mycelium  perennial 
in  perennial  parts  of  host ;  spores  chiefly  subspherical  or  spherical, 
occasionally  ovate  to  ellipsoidal,  usually  lighter  colored  on  one 
side,  more  or  less  minutely  echinulate  especially  on  the  lighter  side, 
5-8  g  in  length. 

Host :  Arrhenatherum  avenaceum ,  Conn.,  Ia.,  Ill.,  Miss,  (type  C. 
avenae'),  Ohio,  Vt.,  Wise. 

This  smut  is  very  closely  related  to  Ustilago  Avenae  and  Ustilago 
levis  on  oats,  the  infected  spikelets  resembling  those  of  the  latter 
while  the  spores  are  more  like  those  of  the  former.  The  spores 
average,  perhaps,  smaller  than  with  those  species.  The  fact  that 
the  mycelium  is  perennial  has  been  taken  by  Rostrup  as  the  chief 


1  Brefeld  considers  this  smut  the  same  as  that  on  oats. 
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character  separating  it  from  the  above  species.  Some  botanists, 
however,  consider  all  three  as  one  species.  Brefeld  has  described 
the  germination  to  be  the  same  as  in  Ustilago  Avenae.  Literature  : 
27,  84. 

Ustilago  Avenae  (Pers.)  Jens. 

Reticularia  segetum  Bull.,  Hist.  Champ.,  pi.  4*2.  1791.  p.  p. 

Uredo  segetum  y  Avenae  Pers.,  Disp.  Meth.  Fung.,  57.  1797. 

Uredo  carbo  DC.,  El.  Fr.,  6 :  76.  1815.  p.p. 

Ustilago  segetum  Ditm.,  Sturm’s  Deutsch.  El.,  iii,  1  :  67.  1817.  p.  p. 

Caeoma  segetum  Lk.,  Sp.  PL,  62 :  1.  1825.  p.  p. 

Erysibe  vera  y  Avenae  Wallr.,  El.  Crypt.  Germ.,  2  :  217.  1833. 

Uredo  Carbo-Avenae  Philipp.,  Traite  Carie  Charb.,  91,  pi.  2.  1837. 

Ustilago  Carbo  a  vulgaris  b  Avenacea  Tul.,  Ann.  Sci.  Nat.,  Bot.,  iii,  7 :  80. 

1847. 

Ustilago  segetum  var.  Avenae  Jens.,  Om  Ivorns.  Brand.,  61.  1888. 

Ustilago  Avenae  Jens.,  Le  Charb.  Cereales,  4.  1889. 

Ustilago  Avenae  f  foliicola  Aim.,  Rev.  Agron.,  1 :  20-26.  1903. 

Exsiccati :  Ustilago  Avenae  (Pers.)  Jens.,  on  Avena  sativa,  Seym.  & 

Earle,  Econ.  Fungi,  81,  Seym.  &.  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp. 

C  64,  Shear,  N.  Y.  Fungi,  82,  Ell.  &  Ev.,  Fungi  Col.,  539  ;  Ustilago 

segetum  f.  Avenae  on  Avena  sativa,  Ell.,  N.  A.  Fungi,  1092,  p.p.; 

Uredo  segetum ,  on  Avena  sativa,  Rav. ,  Fungi  Car.,  ii,  99. 

Sori  in  spikelets,  forming  a  dusty  olive  brown  spore  mass,  about 
6-12  mm.  long  by  half  as  wide,  usually  rather  completely  destroying 
floral  parts,  eventually  becoming  dissipated;  spores  lighter  colored 
on  one  side,  subspherical  to  spherical  though  often  more  elongated, 
minutely  echinulate,  5—9  p  in  length. 

Hosts :  Avena  fatua ,  Calif. ;  A.  sativa ,  Ala.,  Calif.,  Conn.,  Ia., 
Ida.,  Ill.,  Ind.,  Ivans.,  Mass.,  Me.,  Mich.,  Miss.,  Mo.,  Mont.,  Neb.,  N. 
Car.,  N.  Dak.,  N.  IL,  N.  J.,  N.  Mex.,  N.  Y.,  Ohio,  Okl,  R.  I.,  S.  Dak., 
Tenn.,  Tex.,  Vt.,  Wash.,  Wise.,  W.  Va.,  Wyo. ;  Nova  Scotia. 

This  smut  is  very  common  on  cultivated  oats  and  in  the  middle 
west  often  causes  considerable  injury.  However,  it  can  readily  be 
prevented  by  seed  treatment  with  hot  water  or  formalin.  Numerous 
experiment  station  workers  have  written  bulletins  relating  to  pre¬ 
vention  experiments  with  this  smut,  among  whom  are  the  following  : 
Arthur,  Bolley,  Clinton,  Close,  Ivellerman  and  Swingle,  and  Selby. 
It  often  occurs  in  the  same  field  with  Ustilago  levis  and  sometimes 
the  two  are  not  easily  distinguished.  In  rare  instances  it  has  been 
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found  on  the  leaves  as  well  as  in  the  inflorescence.  Brefeld,  Keller- 
man  and  Swingle,  and  others  have  reported  the  germination  in  this 
species.  Literature  :  5,  7,  17,  18,  19,  20,  22,  27,  30,  67,  77,  84,  86, 
88,  89,  90,  92,  94,  95,  98,  103,  106,  156,  157,  170. 


Ustilago  nuda  (Jens.)  Kell.  &  Sw. 

Uredo  carbo  DC.,  FI.  Fr. ,  6  :  76.  1815.  p.p. 

Ustilago  segetum  Ditm.,  Sturm’s  Deutsch.  FI.,  in,  1:  67.  1817.  p.p. 

Caeoma  segetum  Lk.,  Sp.  PL,  62:  1.  1825.  p.  p. 

Erysibe  vera  a  Hordei  Wallr.,  FI.  Crypt.  Germ.,  2  :  217.  1833.  p.  p. 

Uredo  Carbo-Hordei  Philipp.,  Trait6  Carie  Charb.,  92.  1837.  p.  p. 
Ustilago  Carbo  a  vulgaris  c  Hordeacea  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  : 
80.  1847.  p.  p. 

Ustilago  segetum  var.  Hordiii.  nuda  Jens.,  Om  Korns.  Brand.,  61.  1888. 

Ustilago  Hordei  Bret.,  Nach.  Klub  Landw.  Berl.,  1593.  1888.  p.p. 

Ustilago  hordei  var.  nuda  Jens.,  Le  Charb.  Cereales,  4.  1889. 

Ustilago  nuda  Kell.  &  Sw.,  Ann.  Rep.  Ivans.  Agr.  Exp.  Sta.,  2  •  211 .  1890. 

Ustilago  Hordei  Rostr.,  Overs.  Kong.  Danske  Vid.  Selsk.  Forh.,  10.  1890. 

Ustilagidium  Hordei  Herzb.,  Zopf  Beit.  Phys.  Morph.  Org.,  5  :  7.  1895. 

Exsiccati:  Ustilago  nuda  (Jens.)  Kell.  &  Sw.,  on  Hordeum  sp.  cult., 
Seym.  &  Earle,  Econ.  Fungi,  82a,  Seym.  &  Earle,  Econ.  Fungi,  Clinton 
Ust.  Supp.  C  77,  C  78. 


Sori  in  spikelets,  forming  a  dusty  olive  brown  spore  mass,  about 
6-10  mm.  long  by  half  as  wide,  temporarily  protected  by  thin  mem¬ 
brane  but  soon  becoming  dissipated  and  leaving  behind  naked 
rhachis  ;  spores  lighter  colored  on  one  side,  minutely  echinulate, 
subspherical  to  spherical  or  occasionally  more  elongated,  5-9  p  in 
length. 

Hosts  :  Hordeum  sps.  cult.,  Conn.,  Ia.,  Ill.,  Ivans.,  Mass.,  Md., 
Mich.,  Minn.,  Miss.,  Mo.,  N.  Car.,  N.  H.,  N.  Y.,  Ohio,  S.  Dak.,  Tex., 
Wise.;  Mex. ;  Nova  Scotia. 

There  are  two  species  of  smuts  on  cultivated  barley  but  it  is  only 
during  recent  years  that  they  have  been  recognized  as  distinct.  The 
one  described  above  has  an  olive  brown  dusty  spore  mass  that  is 
soon  scattered  and  the  spores  are  minutely  echinulate,  while  the 
other  species,  Ustilago  Hordei ,  has  a  rather  permanently  aggluti¬ 
nated  purple  black  spore  mass  and  smooth  spores.  These  species 
cause  more  damage  in  Europe  than  in  this  country  because  barley  is 
more  commonly  cultivated  there.  They  can  be  prevented  by  the 
hot  water  seed  treatment  or  a  modification  of  it.  The  germination 
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of  Ustilago  nuda  has  been  reported  by  Kellerman  and  Swingle,  and 
others.  Literature  :  18,  19,  22,  28,  27,  84,  88,  89,  94. 

Ustilago  Tritici  (Pers.)  Jens. 

?  Lycoperdon  Tritici  Bjerk.,  Act.  Suec.  Ann.,  326.  1775.  p.p. 

Uredo  segetum  p  Tritici  Pers.,  Disp.  Meth.  Fung.,  57.  1797. 

Uredo  carbo  DC.,  FI.  Fr.,  6  :  76.  1815.  p.  p. 

Ustilago  segetum  Ditm.,  Sturm’s  Deutscli.  FI.,  in,  1 :  67.  1817.  p.  p. 

Caeoma  segetum  Lk.,  Sp.  PL,  62 :  1.  1825. 

Erysibe  vera  p  Tritici  Wallr.,  FI.  Crypt.  Germ.,  2  :  217.  1833. 

Uredo  Carbo-Tritici  Philipp.,  Traite  Carie  Charb.,  92  :  pi.  4.  1837. 

Ustilago  Carbo  y  vulgaris  a  Triticea  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  : 

80.  1847. 

Ustilago  Hordei  Bref.,  Nacli.  Klub.  Lanclw.  Berk,  1593.  1888.  p.  p. 

Ustilago  segetum  var.  Tritici  Jens.,  Om  Korns.  Brand.,  61.  1888. 

Ustilago  Tritici  Jens.,  Ann.  Rep.  Kans.  Agr.  Exp.  Sta.,  2  :  262.  1890. 

Ustilago  Tritici  Rostr.,  Overs.  Kong.  Danske  Vid.  Selsk.  Forh.,  15. 

Mr.  1890. 

Ustilago  Tritici  f.  folicola  P.  Henn.,  Zeitschr.  Pflanzenk.,  4  :  139.  1894. 

Ustilagidium  Tritici  Herzb.,  Zopf  Beit.  Phys.  Morph.  Org.,  5 :  7.  1895. 

Exsiccati :  Ustilago  segetum  (Bull.)  Ditm.,  on  wheat,  Und.  &  Cook, 

Illustr.  Fungi,  56  ;  Ustilago  Tritici  (Pers.)  Jens.,  on  Triticum  vulgare, 

Seym.  &  Earle,  Econ.  Fungi,  80,  Ell.  &  Ev.,  Fungi  Col.,  1369,  Syd.,  Ust., 

167,  Kell.,  Ohio  Fungi,  42,  Griff.,  West.  Amer.  Fungi,  22. 

Sori  in  spikelets,  forming  a  dusty  olive  brown  spore  mass,  about 
8-12  mm.  long  by  half  as  wide,  usually  entirely  destroying  floral 
parts  and  eventually  becoming  dissipated  and  leaving  behind  only 
the  naked  rliachis ;  spores  lighter  colored  on  one  side,  usually 
subsplierical  to  spherical,  occasionally  more  elongated,  minutely 
echinulate  especially  on  lighter  side,  5-9  /x  in  length. 

Host:  Triticum  vulgare,  Ala.,  Ia.,  Ida.,  Ill.,  Ind.,  Ivans.,  Mass., 
Mich.,  Minn.,  Mo.,  Neb.,  N.  Car.,  N.  Dak.,  N.  J.,  N.  Y.,  Ohio,  S. 
Dak.,  Tenn.,  Tex.,  Vt.,  Wash.,  Wise.,  W.  Va.,  Wyo. ;  Mex. 

Lycoperdon  Tritici  of  Bjerkander  is  regarded  by  some  botanists 
as  including  the  species  described  here  as  well  as  Tilletia  Tritici , 
while  others  regard  it  as  relating  only  to  this  latter  species.  Usti¬ 
lago  Tritici  is  one  of  our  common  smuts,  often  doing  considerable 
damage  to  the  wheat  crop.  Selby  of  Ohio  has  shown  that  it  can 
be  prevented  by  a  modified  form  of  the  hot  water  treatment.  Its 
germination  has  been  reported  by  Kellerman  and  Swingle,  as  well 
as  by  others.  Literature:  5,  6,  9,  17,  18,  23,  27,  84,  88,  89,  94,  98, 
137. 


CLINTON:  NORTH  AMERICAN  USTILAGINEAE. 


347 


Ustilago  Miihlenbergiae  P.  Henn. 

Ustilago  Miihlenbergiae  P.  Henn.,  Hedw.,  Beibl.,  41:  61.  Apr.  1902. 

Ustilago  Muhlenbergiae  Clint.,  Journ.  Myc.,  8  :  133.  Oct.  1902. 

Sori  in  the  abortive  inflorescence,  ovoid  to  subspherical,  about 
3-6  mm.  in  length,  protected  by  thin  semitransparent  membrane  of 
the  infected  floral  parts,  upon  rupture  disclosing  black  brown  dusty 
spore  mass ;  spores  rather  dark  reddish  brown,  chiefly  spherical,  at 
first  apparently  smooth,  but  with  age  or  approaching  germination 
splitting  off  caps  on  opposite  sides  of  epispore  and  these  eventually 
breaking  up  into  small  granular  echinulations  thus  leaving  a  dark, 
less  broken  central  band,  4-6  p,  in  diameter. 

Hosts :  Muhlenbergia  P ringlet,  N.  Mex.  (type)  ;  M.  Texana , 
Ariz.  (type  U.  Muhlenbergiae  Clint.). 

Hennings’  description  of  this  species  appeared  after  the  writer’s 
description  was  in  manuscript  and  so  was  overlooked  at  time  of 
publication.  Since  then  specimens  from  which  Hennings  described 
his  species  have  been  received  from  Hennings  and  also  from  Hol- 
way  and  they  show  the  species  to  be  the  same,  in  all  probability. 
There  is  a  difference  in  the  appearance  of  the  spores  but  this  is 
apparently  due  to  their  age  at  time  of  collection.  The  Holway 
specimens  show  the  spores  with  a  smooth  epispore  but  with  a  cap 
split  off  at  either  end,  while  the  Farlow  specimens,  from  which  the 
writer  described  the  species,  show  the  epispore  split  up  into  small 
granular  echinulations  at  these  points,  leaving  a  less  broken  and 
darker  central  band.  This  probably  comes  from  a  preliminary  swell¬ 
ing  before  germination,  as  these  spores  also  average  slightly  larger. 
Their  germination  has  not  been  reported. 

Ustilago  residua  Clint. 

Ustilago  segetum  Auct.  p.  p. 

Ustilago  segetum  f.  Banthoniae  Ell.  &  Ev.,  N.  A.  Fungi,  1893a.  1887. 

Ustilago  residua  Clint.,  Journ.  Myc.,  8:  133.  1902. 

Exsiccati :  Ustilago  segetum  f.  Banthoniae  on  Banthonia  spicata,  Ell.  & 

Ev.,  N.  A.  Fungi,  1893a. 

Sori  in  the  inflorescence,  prominent,  infecting  the  whole  or  some¬ 
times  confined  to  the  individual  spikelets,  usually  enclosed  by  leaf 
sheaths,  on  exposure  showing  as  olive  brown  dusty  spore  mass  ; 
spores  rather  light  olive  brown,  ovoid  or  ovate  to  spherical  or  occa- 
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sionally  irregular,  thin  walled,  with  coarse  granules  giving  granular 
reticulate  appearance  under  an  immersion,  usually  5. 5-8. 5  /z,  some¬ 
times  even  11  /z  in  length. 

Hosts :  Danthonia  compressa ,  N.  Y ;  D.  intermedia ,  Calif., 
Wyo. ;  D.  spicata,  N.  H.  (type) ;  D.  unispicata,  Calif.;  Danthonia 
sp.,  Colo. 

This  is  near  Ustilago  Tritici  but  has  spores  more  granular  reticu¬ 
late,  averaging  larger  and  not  lighter  colored  on  one  side.  It  is 
one  of  the  forms  that  have  been  included  under  the  old  species 
Ustilago  segetum.  Ustilago  Danthoniae  Kalchb.,  if  described 
accurately,  differs  decidedly  in  its  much  larger  spores.  Apparently 
the  germination  of  the  spores  has  not  been  described.  Literature  :  29. 

Ustilago  affinis  Ell.  &  Ev. 

Ustilago  affinis  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  20  :  297.  1893. 

?  Ustilago  Hilariae  P.  Ilenn.,  Hedw.,  37:  267.  1898. 

Ustilago  Stenotaphri  P.  Henn.,  Hedw.,  37:  293.  1898. 

Ustilago  Americana  Speg.,  Fung.  Argent.  Nov.  Yel  Crit.  N.,  375.  1899. 

Ustilago  Stenotaphri  Massee,  Kew  Bull.,  153-154  :  184.  1899. 

Ustilago  Henningsii  Sacc.  &  Syd.,  Syll.  Fung.,  16  :  368.  1902. 

Sori  in  spikelets,  usually  infecting  all  which  are  sometimes  slightly 
merged,  at  first  more  or  less  hidden  by  enveloping  leaves,  protected 
by  thin  transparent  membrane  but  this  soon  rupturing  and  olive 
brown  spore  mass  scattering  until  there  remains  only  the  naked 
rhachis ;  spores  light  reddish  brown,  oblong  or  ovate  to  chiefly  sub- 
spherical  or  spherical,  often  slightly  angled,  smooth,  5.5-9  /z  in 
length. 

Hosts:  Hilaria  cenchroides ,  Mex.  (type  U  Hilariae );  Steno- 
taphrurn  Americanum ,  Bermuda,  Jamaica  (type). 

McAlpine,  in  1895,  first  used  the  name  Ustilago  Stenotaphri  but 
apparently  for  an  entirely  different  smut  from  that  described  here ; 
later  both  Hennings  and  Massee  used  the  same  name  for  this  species 
in  describing  species  they  thought  were  new.  Ustilago  Hilariae  of 
Hennings  hardly  seems  distinct  from  the  form  on  Stenotaphrum,  the 
spores  being  alike  unless  the  latter  may  be  a  little  lighter  colored. 
The  germination  has  not  been  reported.  Literature  :  29. 
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Ustilago  Lorentziana  Thtim. 

Ustilago  Lorentziana  1  Thtim.,  Flora,  1880  :  30.  1880. 

Ustilago  Holwayi  Diet.,  Bot.  Gaz.,  18 :  253.  1893. 

Exsiccati :  Ustilago  Holwayi  Diet.,  on  Hordeum  nodosum,  Syd.,  Ust., 
206;  on  Hordeum  pratense,  Syd.,  Ust.,  9  ;  on  Hordeum  sp.,  Syd.,  Ust.,  154; 
Ustilago  Hordei  (Pers.)  Kell.  &  Sw.,  on  Hordeum  maritimum,  Ell.  &  Ev., 
Fungi  Col.,  1281;  Ustilago  Lorentziana  Thtim.,  on  Hordeum  jubatum,  Ell. 
&  Ev.,  N.  A.  Fungi,  2702,  Griff.,  West  Amer.  Fungi,  192. 

Sori  in  spikelets,  usually  infecting  all  of  a  spike,  rather  completely 
destroying  their  parts  except  the  awns,  protected  at  first  by  thin 
transparent  membrane  which  easily  ruptures  disclosing  dusty  purple 
black  spore  mass ;  spores  rather  dark  olive  brown,  ovoid  to  spherical 
or  sometimes  with  more  irregular  and  angular  forms,  with  a  brittle 
epispore  that  breaks  up  into  more  or  less  irregular  granules  or  min¬ 
ute  verruculations,  chiefly  7-12  p  in  length. 

Hosts;  Hordeum  jubatum,  Mont.,  N.  Dak.,  S.  Dak.;  II.  mariti¬ 
mum ,  Ida.;  II.  murinum ,  Calif.;  H.  pratense,  Calif,  (type  U  Hol¬ 
wayi),  Utah;  H pusillum,  Calif.;  Hordeum  sp.,  Calif.,  Wash. 

Ustilago  Holwayi  is  not  distinct  from  Ustilago  Lorentziana. 
Dietel  says  it  differs  in  the  shape  of  the  epispore.  The  only  dif¬ 
ference  the  writer  makes  out,  and  this  does  not  exist  uniformly, 
seems  to  be  in  the  more  brittle  epispore  of  Ustilago  Holwayi  which 
often  breaks  up  into  rather  coarse  irregular  granules,  while  Ustilago 
Lorentziana  in  the  specimens  issued  by  de  Thfimen  has  spores  with 
a  more  distinct  verruculose  character.  The  germination  apparently 
has  not  been  reported.  Literature  :  29. 

Ustilago  bromivora  (Tul.)  Fisch.  d.  Waldh. 

Ustilago  Carbo  a  vulgaris  d  bromivora  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  : 

81.  1847. 

Ustilago  bromivora  Fisch.  d.  Waldh.,  Bull.  Soc.  Nat.  Mosc.,  40  1 :  252.  1867. 
Cintractia  Patagonica  Cke.  &  Mass.,  Grev.,  18  :  34.  1889. 

Exsiccati  :  Ustilago  bromivora  Fisch  de  Waldh.,  on  Bromus  arvensis,  Ell. 
&  Ev.,  N.  A.  Fungi,  3052;  on  Bromus  marginatus ,  Syd.,  Ust.,  202,  Griff.,  West 
Amer.  Fungi,  206,  206  a;  on  Bromus  racemosus,  Syd.,  Ust.,  102  ;  on  Bromus 
secalinus ,  Ell.  &  Ev.,  Fungi  Col.,  536,  Griff.,  West  Amer.  Fungi,  204;  on 
Bromus  vulgaris,  Griff.,  West  Amer.  Fungi,  205;  on  Bromus  sp.,  Seym.  & 
Earle,  Econ.  Fungi,  534,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  65. 


1  Also  described  in  de  Thiimen’s  Myc.  Uni.,  1711.  1880. 
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Sori  in  spikelets,  usually  infecting  only  the  parts  within  the  glumes 
but  sometimes  also  destroying  the  base  of  these,  often  at  first  agglu¬ 
tinated  but  finally  becoming  dusty  ;  spores  usually  dark  reddish 
brown,  chiefly  ovoid  to  spherical  but  occasionally  polyhedral  or 
irregular,  sometimes  apparently  smooth  or  only  granular  but  usually 
abundantly  but  minutely  granular-verruculose,  7-11  g,  rarely  14  g 
in  length. 

Hosts  :  Bromus  arvensis,  Colo. ;  ?  B.  breviciristcitus,  Calif.,  Ia. ; 
B.  ciliatus ,  Colo.  ;  B.  BLookerianus,  Calif.,  Wash.;  B.  hordeaceus , 
Calif.,  Wash. ;  B.  hordeaceus  var.  glabrescens,  Wash.;  B.  Kalmii , 
Utah  ;  B.  marginatus ,  Calif.,  Colo.,  D.  C.,  Ia.,  Ore.,  Wyo. ;  B. 
Pumpellianus ,  D.  C.  ;  B.  racemosus ,  Wash.  ;  B.  Ricliardsonii, 
D.  C. ;  B.  secalinus,  Calif.,  Ore.  ;  B.  vulgaris,  Mont.  ;  B.  mdgaris 
var.  eximius ,  Wash.  ;  Bromus  sp.,  Utah. 

An  examination  of  the  type  of  Cintractia  Patagonica  shows  it  to 
be  only  an  unusually  vigorous  form  infecting  the  basal  parts  of  the 
outer  glumes  as  well  as  the  inner  parts.  A  specimen  in  the  Farlowr 
herbarium  has  this  same  character  and  one  finds  all  gradations 
between  these  and  those  that  have  their  spore  mass  entirely  hidden. 
Ustilago  bromivora  is  closely  related  to  Ustilago  Holwayi  though 
the  appearance  of  the  sori  is  quite  different.  Kuhn,  Brefeld,  and 
Plowright  have  reported  the  germination  of  this  smut.  Literature  : 
20,  73. 

Ustilago  bromivora  var.  macrospora  Fail. 

Ustilago  bromivora  var.  macrospora  Farl.,  Bull.  Ia.  Agr.  Coll.,  Bot.  Dep., 
1886 :  59.  1887. 

Similar  to  the  species  except  spores  somewhat  more  irregular  and 
larger,  chiefly  11-17  g  in  length. 

Host:  Bromus  ciliatus ,  Colo,  (type),  ?  Ia. 

This  seems  entitled  only  to  varietal  rank  though  having  spores 
much  larger  than  those  ordinarily  possessed  by  the  species.  On  this 
same  host  there  is  a  specimen  in  the  Farlow  herbarium,  also  from 
Colorado,  that  has  spores  but  slightly  larger  than  those  of  the  species. 
While  the  germination  of  this  variety  has  not  been  reported,  it  is 
probably  the  same  as  that  of  the  species. 
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Ustilago  Crameri  Korn.  • 

Ustilago  Crameri  Korn.,  Fckl.  Symb.  Myc.  Nacht.,  2  :  11.  1873. 

Exsiccati :  Ustilago  Crameri  Korn.,  on  Setaria  Italica ,  Griff.,  West 
Amer.  Fungi,  9,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  66. 

Sori  in  the  spikelets,  infecting  all  of  the  spike,  ovate,  about  2-4 
mm.  in  length,  chiefly  destroying  inner  and  basal  parts  ;  spores  red¬ 
dish  brown,  chiefly  ovoid  to  subspherical  though  occasionally  more 
elongated  and  irregular,  smooth,  with  usually  pitted  contents,  chiefly 
8-11  fx  in  length. 

Host :  Setaria  Italica ,  Conn.,  D.  C.,  Ia.,  Ill.,  Ind.,  Mich.,  Ohio, 
N.  Dak.,  S.  Dak. 

This  fungus  sometimes  causes  damage  to  the  cultivated  millets. 
It  has  been  reported  only  during  recent  years  from  this  continent. 
The  ordinary  hot  water  method  of  seed  treatment  is  a  preventive. 
Brefeld  has  described  its  germination.  Literature:  20,  27,  79,  171. 

Ustilago  lycuroides  Griff. 

Ustilago  lycuroides  Griff.,  Bull.  Torr.  Bot.  Club,  31 :  84.  1904. 

Sori  in  the  ovaries,  infecting  only  part  of  the  spikelets,  evident, 
spherical,  about  1.5  mm.  in  diameter,  covered  with  a  greenish  mem¬ 
brane  bearing  remains  of  styles  at  its  apex,  upon  rupture  disclosing 
a  compact,  dusty,  black  brown  spore  mass  ;  spores  clear  reddish 
brown,  ovoid  to  subspherical,  smooth  but  because  of  clear  granular 
contents  often  appearing  pitted,  chiefly  10.5-14  /x  in  length. 

Host:  Lycurus  phleoides,  Ariz.  (type). 

This  was  found  in  small  amount  by  Griffiths  in  the  Santa  Rita 
mountains  near  Greaterville,  Ariz.  The  sori  are  not  unlike  those  of 
Ustilago  spermophora  and  U.  sparsa ,  but  the  spores  are  entirely 
different. 

Ustilago  Panici-proliferi  P.  Ilenn. 

Ustilago  Panici-proliferi  P.  Henn. ,  Bot.  Gaz.,  28:  274.  1899. 

Exsincati :  Ustilago  Panici-proliferi  P.  Henn.,  n.  sp.,  on  Panicum  pro- 
liferum  var.  acuminatum ,  Syd.,  Ust.,  212. 

Sori  in  the  inner  folded  leaves  and  possibly  also  the  aborted 
inflorescence,  elongated,  chiefly  3-8  cm.  in  length,  often  thickest  at 
se,  more  or  less  enveloped  by  leaf  sheaths,  covered  with  a  thin 
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transparent  membrane  that  soon  ruptures  exposing  the  dusty  olive 
black  spore  mass  surrounding  the  prominent,  elongated  remains  of 
the  plant  tissues  ;  spores  olive  brown,  chiefly  ovoid  to  spherical, 
contents  often  punctate,  smooth,  7-10  p  in  length. 

Host :  Panicum  prolifer um  var.  acuminatum ,  Mex.  (type). 

So  many  species  have  been  described  as  occurring  on  Panicum 
that  one  may  not  feel  sure  of  their  ultimate  nomenclature  until  a 
careful  comparison  has  been  made  of  their  types.  This  species  is 
much  like  the  specimen  of  JJstilago  ( Uredo)  Digitciriae  in  Klotz., 
Herb.  Viv.  Myc.,  n.  1199,  but  differs  in  the  somewhat  darker  spores 
that  average  a  trifle  larger.  Its  germination  has  not  been  reported. 

Ustilago  Panici-leucophaei  Bref. 

Ustilago  Panici-leucophaei  Bref.,  Unters.  Gesammt.  Myk.,  12  :  114.  1895. 

Ustilago  insularis  P.  Henn.,  Hedw.,  35  :  51.  1896. 

Exsiccati :  Ustilago  Panici-leucophaei  Bref.,  on  Panicum  leucophaeum, 

Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  82. 

Sori  possibly  involving  the  very  young  inflorescence  but  appar¬ 
ently  chiefly  in  the  enveloping  leaves,  projecting  from  between  the 
leaf  sheaths  as  conspicuous  linear  bodies  often  1.5  dcm.  in  length, 
eventually  becoming  shredded  into  longitudinal  filaments  of  plant 
tissue  and  the  brown  black  spore  mass  scattered  ;  spores  reddish 
brown,  ovoid  to  chiefly  subspherical  or  spherical,  often  slightly 
angled,  easily  collapsing,  smooth  or  very  minutely  granular,  chiefly 
6-8  p  in  length. 

Host:  Panicum  leucophaeum,  Cuba;  Jamaica;  Mex.  (Cuautla) ; 
?  P.  saccharaturn,  Ariz. 

This  description  is  based  on  the  collections  from  North  America. 
The  specimens  agree  with  the  type  of  Ustilago  insularis  as  issued 
by  hie,  no.  2102,  on  Panicum  sp.,  from  Rio  de  Janeiro,  Brazil. 
Hennings  in  his  description  gives  the  host  as  Tricholaena  insularis 
which  is  given  by  some  authorities  as  a  synonym  for  Panicum 
leucophaeum.  The  writer  has  not  seen  a  specimen  of  Brefeld’s 
species  but  the  description  agrees  with  the  Jamaica  specimens  and 
the  host  is  the  same.  Hennings  in  his  note  on  Ustilago  insularis 
calls  attention  to  the  close  similarity  to  Ustilago  Panici-leucophaei. 
The  species  evidently  comes  under  Sorosporium  or  Sphacelotheca 
rather  than  Ustilago  but  its  exact  position  will  have  to  be  determined 
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from  younger  specimens  than  those  yet  seen.  The  form  on  P. 
saccharatum  from  Arizona  doubtfully  comes  here,  as  its  spores  aver¬ 
age  larger  (7-10  g) .  Brefeld  reported  the  germination  of  this  spe¬ 
cies  :  23. 

Ustilago  Ulei  P.  Henn. 

Ustilago  Ulei  P.  Henn.,  Hedw.,  34:  88-89.  1895. 

Sori  in  the  leaves,  rather  indefinite,  in  striae  or  often  involving 
more  or  less  of  the  inner  surface  of  the  blades  as  folded  together, 
eventually  causing  them  to  become  somewhat  shredded  and  the 
olive  black  dusty  spore  mass  to  become  scattered  ;  spores  reddish 
brown,  often  with  thin  walls  (such  spores  easily  collapsing  when 
dry)  usually  subspherical  or  spherical,  smooth  or  very  minutely 
punctate  verruculose,  8-11  g  in  diameter. 

Host :  Chloris  submutiea ,  Mex. 

Hennings  described  this  species  from  specimens  collected  by  Ule 
in  Brazil  and  states  that  the  spores  are  smooth,  which  seems  to  be 

usuallv  the  case  with  this  collection.  The  collection  listed  here 

«/ 

from  Mexico  was  identified  by  Hennings  to  be  this  species.  The 
spores  in  this  case,  however,  are  evidently  but  minutely  punctate- 
verruculose  and  it  is  difficult  to  decide  whether  it  belongs  under 
this  species  or  Ustilago  chloridicola  Henn.,  which  possesses  punc¬ 
tate-reticulate  spores.  The  writer  has  seen  only  fragmentary  spec¬ 
imens  of  these  three  collections  and  a  further  study  with  more 
material  might  show  that  the  two  species  are  merely  variations  of 
the  same  thing.  Brefeld  has  described  the  germination  of  the  spe¬ 
cies  given  here :  23. 

Ustilago  chloridicola  P.  Henn. 

Ustilago  chloridicola  P.  Henn.,  Heclw.,  37  :  267.  1898. 

Sori  in  the  inflorescence,  linear,  often  about  3  cm.  in  length,  caus¬ 
ing  more  or  less  shredding  of  the  infected  tissues,  with  dusty  olive 
black  spore  mass  that  becomes  scattered  ;  spores  reddish  brown, 
often  irregular,  oblong  or  elliptical  to  spherical,  apparently  minutely 
verruculose  but  really  under  an  immersion  lens  showing  punctate- 
reticulate,  6-11  g  in  length. 

Host:  Chloris  sp.,  Calif,  (type). 

This  species  is  very  closely  related  to  Ustilago  Ulei ,  especially 
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if  the  punctate-verruculose  form  from  Mexico  belongs  under  that 
species.  The  germination  of  Ustilago  cliloridicola,  has  not  been 
reported. 

Ustilago  Tillandsiae  Patters. 

Ustilago  Tillandsiae  Tetters.,  Journ.  Myc.,  8:  135.  1902. 

Sori  destroying  inner  flower  parts,  protected  by  enclosing  bracts 
and  perianth,  forming  an  irregular  dusty  black  spore  mass  about 
1-3  cm.  in  length  ;  spores  olive  brown,  chiefly  ovoid  to  spherical, 
thin  walled,  more  or  less  collapsed  or  hemispherically  cupped,  smooth 
or  with  brittle  epispore  breaking  up  into  thin  polygonal  areas,  7-13  /x 
in  length. 

Hosts:  Tillandsia  Leiboldiana ,  Mex. ;  Tillandsia  sp.,  Costa 
Rica  (type). 

So  far  as  can  be  determined  from  an  examination  of  this  fungus 
in  a  dried  state  it  belongs  to  the  smuts.  A  study  of  the  method  of 
spore  production  and  germination  is  needed  to  finally  settle  its  true 
position.  Mrs.  Patterson,  of  the  Dept,  of  agriculture,  Washington, 
D.  C.,  tried  to  germinate  the  spores  but  was  not  successful  in  the 
attempt. 

Ustilago  olivacea  (DC.)  Tul. 

Uredo  olivacea ,  I)C.,  El.  Fr.,  6:  78.  1815. 

Caeoma  olivaceum  Schl.,  FI.  Ber.,  2  :  130.  1824. 

Erysibe  olivacea  Wallr.,  FI.  Crypt.  Germ.,  2  :  215.  1833. 

Ustilago  olivacea  Tul.,  Ann.  Sci.  Nat.,  Bot.,  hi,  7  :  88.  1847. 

Ustilago  caricicola  Tr.  &  Earle,  Bull.  Torr.  Bot.  Club,  26  :  493.  1899. 

Sori  in  occasional  ovaries,  often  at  first  more  or  less  concealed  by 
perigynium,  forming  rounded  bodies  2-6  mm.  in  diameter,  at  first 
with  firmly  agglutinated  spore  mass  but  finally  more  or  less  dusty, 
usually  with  conspicuous  threads  intermingled  with  the  spores ; 
spores  light  olive  brown,  usually  irregular,  varying  from  linear  to 
oblong  or  subspherical,  but  in  some  instances  more  regular  and  then 
chiefly  subspherical  or  spherical,  very  minutely  verruculose,  usually 
5—9  /i,  but  most  elongated  occasionally  14  /x,  in  length. 

Hosts  :  Carex  folliculata ,  Miss,  (type  U  caricicola)  ;  C.  poly- 
stachya ,  Mex.;  C.  t urges ce ns,  Fla.;  C.  utricidata ,  Wash.,  Wise.; 
Carex  sp.,  Mex. ;  Jamaica. 
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This  species  is  peculiar  because  of  the  very  elongated  spores  that 
are  often  found  and  which  are  sometimes  seen  adhering  in  chains ; 
but  more  especially  because  of  the  filaments  which  are  scattered 
among  the  spores  and  which  become  visible  as  a  conspicuous  brush 
upon  their  dispersal ;  Ustilago  caricicola  seems  hardly  distinct  from 
this  species,  which  is  variable.  The  specimens  reported  from  Mex¬ 
ico  and  Jamaica  show  the  spores  rather  regular,  being  subspherical 
or  spherical  and  4.5-8  p  in  diameter.  The  germination  of  the  spe¬ 
cies  has  been  reported  by  Brefeld  :  20. 

Ustilago  Triplasidis  Ell.  &  Ev.,  n.  sp. 

Sori  in  ovaries,  ellipsoidal,  about  3-4  mm.  in  length,  protected  by 
thin  membrane,  showing  between  the  glumes  of  most  of  the  spike- 
lets  ;  spores  light  reddish  brown,  often  lighter  colored  on  one  side, 
ovoid  to  chiefly  subspherical  or  spherical,  usually  abundantly  but 
very  minutely  echinulate,  5-9  p  in  length. 

Host :  Triplasis  Americana ,  Miss.  (type). 

The  writer  first  saw  this  specimen  in  the  herbarium  of  A.  B. 
Seymour  who  collected  it  in  Mississippi,  in  1891.  It  was  thought 
to  be  a  new  species  but  the  host  was  unknown.  A  few  months 
later  it  was  found  in  the  herbarium  of  the  N.  Y.  botanical  garden 
under  the  unpublished  name  given  here.  This  latter  collection  was 
made  by  Tracy  also  in  Mississippi,  in  1892.  The  infected  ovaries 
often  show  the  remains  of  the  styles  at  their  apex.  The  spores  have 
not  been  germinated. 

Ustilago  sparsa  Underw. 

Ustilago  sparsa  Underw.,  Bull.  Torr.  Bot.  Club,  24:  86.  1897. 

Exsiccati:  Ustilago  destruens  Schl  ,  on  Dactyloctenium  Aegyptiacum, 
Rav.,  Fungi  Amer.,  790;  Ustilago  sparsa  Underw.,  on  Dactyloctenium 
Aegyptiacum,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  86. 

Sori  in  the  ovaries,  ovate,  usually  infecting  few  of  the  spikelets, 
about  2—3  mm.  in  length,  with  rupture  of  covering  disclosing  dusty, 
brown  black  spore  mass ;  spores  light  reddish  brown,  ovoid  or 
ovate  to  spherical,  distinctly  echinulate,  chiefly  6-10  p  in  length. 

Host:  Dactyloctenium  Aegyptiacum ,  Ala.  (type),  S.  Car. 

Hennings  has  described  two  species  of  Ustilago  on  Dactyloctae- 
nium,  but  both  appear  distinct  from  this,  though  his  Ustilago 
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dactyloctaeniophila  is  quite  like  it  in  macroscopic  appearance. 
Though  the  species  was  first  described  by  Underwood  in  1897  it 
was  issued  years  before  in  Ravenel’s  Fungi  Amer.  Exs.,  no.  790,  as 
Ustilago  destruens  Schl.  Its  germination  has  not  yet  been  reported. 


Ustilago  spermophora  B.  &  C. 


Ustilago  spermophorus  B.  &  C.,  Curt.  Cat.  PI.  N.  Car.,  123.  1867.  (Listed.) 
Ustilago  spermophorus  B.  &  C.,  Ell.,  N.  A.  Fungi,  1098.  1883. 

Exsiccati :  Ustilago  spermophora  B.  &  C.,  on  Eragrostis  major ,  Ell.,  N.  A. 
Fungi,  1098,  Rab.-Wint.,  Fungi  Eur.,  3402,  Griff.,  West  Amer.  Fungi,  207, 
Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.  C  87;  on  Eragrostis  reptans , 
Griff.,  West  Amer.  Fungi,  208. 


Sori  in  the  ovaries,  usually  infecting  only  a  few  in  the  spikelets, 
ovate,  small,  1—2  mm.  in  length,  sometimes  bearing  remains  of 
unaffected  part  of  ovary  at  apex,  protected  by  a  thin  membrane  ; 
spores  light  brown,  ovoid  to  subspherical,  usually  prominently  echin- 
ulate,  chiefly  8-11  p  in  length. 

Hosts  :  Eragrostis  major ,  Conn.,  Ia.,  Ill.,  Ind.,  Ivans.,  Mass.,  Miss., 
Neb.,  N.  Car.,  N.  Y.,  S.  Car.  (type),  S.  Dak.,  Wise.;  E.  reptans,  D.  C., 
S.  Dak. 


This  smut  is  closely  related  to  Ustilago  pus tidata  and  Ustilago 
sparsa.  It  was  first  found  by  Curtis  and  the  only  specimen  in  his 
collection  is  from  Society  Hill,  South  Carolina,  collected  in  1849. 
The  name  was  published  first  in  his  Catalogue,  in  1867,  but  without 
description.  Specimens  were  first  issued  by  Ellis  in  N.  A.  Fungi, 
no.  1098,  in  1883,  while  the  first  description  of  the  species  is  appar¬ 
ently  that  given  in  Saccardo’s  Syll.  Fung.,  72:  466,  in  1888.  The 
germination  of  the  spores,  apparently,  has  not  been  reported. 


Ustilago  Boutelouae  Kell.  &  Sw. 

Ustilago  boutelouae  Kell.  &  Sw.,  Journ.  Myc.,  5  :  13.  1889. 

Sori  in  the  ovaries,  2-4  mm.  in  length,  more  or  less  concealed  by 
the  glumes  but  at  maturity  becoming  evident  on  the  rupture  of 
covering  membrane  by  the  dusty  olive  brown  spore  mass  ;  spores 
reddish  brown,  chiefly  ovoid  to  spherical,  conspicuously  echinulate, 
8—1 3  p  in  length. 

Host :  Bouteloua  oligvstachga,  Ivans,  (type),  Okl. 

This  species  has  spores  much  like  those  of  Ustilago  spermophora. 
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Its  distribution  is  undoubtedly  more  extended  than  that  reported 
here.  Kellerman  and  Swingle,  and  later  Norton  described  the  ger¬ 
mination  of  the  spores.  Literature  :  129. 

Ustilago  Tricuspidis  Ell.  &  Gall. 

Ustilago  Tricuspidis  Ell.  &  Gall.,  Journ.  Myc.,  8  :  135-136.  1902. 

Sori  in  ovaries,  ellipsoidal,  about  4  mm.  in  length,  infecting  an 
occasional  spikelet  and  showing  between  the  spreading  glumes ; 
spores  medium  reddish  brown,  ovoid  to  chiefly  subspherical  or 
spherical,  rather  prominently  verruculo-echinulate,  chiefly  8-11  p  in 
length. 

Host :  Tricuspis  seslerioides ,  Mo.  (type),  W.  Va. 

This  smut  was  collected  by  M.  B.  Waite  at  Charleston,  Mo.,  in 
the  fall  of  1889.  It  is  related  to  Ustilago  spermopliora  but  the 
spores  are  more  regular,  more  prominently  verruculo-echinulate  and 
darker  colored.  Its  germination  is  not  known.  Literature  :  29. 

Ustilago  minor  Nort. 

Ustilago  minor  Nort.,  Trans.  Acad.  Sci.  St.  Louis,  7  :  238.  1896. 

Sori  on  the  leaves  and  leaf  sheaths,  forming  ovoid  to  linear  pus¬ 
tules,  1-5  mm.  or  even  longer,  with  the  covering  membrane  at 
maturity  becoming  ruptured  and  the  dusty  black  brown  spore  mass 
scattered  ;  spores  light  to  medium  dark  reddish  brown,  chiefly  ovoid 
to  spherical,  minutely  echinulate,  mostly  7-9  p  in  length. 

Host:  Bouteloua  hirsuta,  Ivans,  (type). 

This  species  occurs  on  the  same  host  genus,  Bouteloua,  as  does 
Ustilago  Hieronymi.  It  also  has  the  same  kind  of  sori  but  differs 
from  that  species  in  its  decidedly  smaller  spores.  Norton  described 
the  species  from  very  meager  material  collected  in  Kansas.  The 
writer  is  indebted  to  Professor  Roberts  of  the  Kansas  agricultural 
college  for  the  privilege  of  examining  the  type  material.  Recently 
Griffiths  in  his  West  American  Fungi  has  referred  several  of  his  col¬ 
lections  to  this  species,  but  to  the  writer  they  seem  more  properly  to 
come  under  Ustilago  Hieronymi.  The  line  separating  the  two 
species,  however,  is  rather  hard  to  determine.  Norton  has  reported 
the  germination  of  the  spores.  Literature  :  129. 
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Ustilago  Hieronymi  Sehrot. 

Ustilago  Hieronymi  Sehrot.,  Hedw.,  35  :  213.  1896. 

Ustilago  filifera  Nort.,  Trans.  Acad.  Sci.  St.  Louis,  7  :  237.  1896. 

Exsiccati:  Ustilago  filifera  Nort.,  on  Bouteloua  oligostachya,  Griff.,  West 
Amer.  Eungi,  217  a;  on  Bouteloua  oligostachya  major ,  Griff.,  West  Amer. 
Fungi,  217;  Ustilago  minor  Nort.,  on  Bouteloua  aristidoides,  Griff.,  West 
Amer.  Fungi,  218;  on  Bouteloua  bromoides ,  Griff.,  West  Amer.  Fungi, 
227  ;  on  Bouteloua  eriopoda,  Griff.,  West  Amer.  Fungi,  219  ;  ?  on  Bouteloua 
polystachya ,  Griff.,  West  Amer.  Fungi,  220;  ?  on  Pappophorum  Wrightii, 
Griff.,  West  Amer.  Fungi,  224. 

Sori  in  the  leaves  and  leaf  sheaths,  usually  forming  oblong  sausage 
shaped  pustules,  chiefly  1-5  mm.  or  apparently  by  terminal  coales¬ 
cence  more  elongated,  at  first  firmly  agglutinated  but  eventually 
with  the  thin  membrane  rupturing  and  the  dusty  black  spore  mass 
becoming  scattered  ;  spores  dark  reddish  brown,  more  or  less  irregu¬ 
larly  polyhedral,  occasionally  oblong  or  ovoid,  to  subspherical,  rather 
obscurely  ecliinulate,  11-16  /x,  in  some  specimens  most  elongated 
rarely  20  /x  in  length. 

Hosts  :  Bouteloua  aristidoides ,  Ariz.,  Mex.  ;  B.  breviseta ,  N. 
Mex. ;  B.  bromoides ,  Ariz.  ;  B.  eriopoda ,  Ariz.  ;  B.  Havardii ,  Ariz. ; 
B.  oligostachya ,  Ariz.,  Colo.,  Kans.  (type  U.  filifera),  Mont.  ;  ?  B. 
polystachya ,  Ariz. ;  B.  racemosa ,  Ariz.,  Kans.  (type  U.  filifera ), 
Utah,  Tex.  ;  ?  Pappophorum  Wrightii,  Ariz. ;  Triodia  pulchella, 
Ariz. 

The  writer  has  received  from  Hennings  a  specimen  of  the  type  of 
this  species  on  Bouteloua  ciliata  from  Argentine  Republic.  The 
specimen  was  very  meager.  Its  spores  averaged  smaller  than  those 
of  most  of  the  collections  examined  from  this  country.  This  species 
is  very  closely  related  to  Ustilago  Bucliloes  and  examination  of  more 
collections  of  that  species  may  possibly  show  that  they  should  not  be 
kept  separate.  As  now  understood  Ustilago  BucJdoes  differs  in 
having  apparently  smooth  or  very  minutely  verruculose  spores. 
Ustilago  Hieronymi,  as  shown  by  the  specimens  collected  in  this 
country,  is  an  exceedingly  variable  species.  On  the  one  hand  it 
nearly  runs  into  Ustilago  minor ,  which  differs  only  in  the  smaller 
size  of  the  spores.  The  other  extreme  is  presented  by  such  speci¬ 
mens  as  issued  by  Griffiths  on  Bouteloua  oligostachya  (nos.  217, 
217a).  It  is  possible  that  this  extreme  may  deserve  varietal  or  spe¬ 
cific  recognition  though  it  is  not  so  sharply  marked  off  as  is  Ustilago 
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minor.  Then,  too,  the  forms  recorded  here  questioningly  on  JBoute- 
loua  polystachya  (220  of  Griffiths’  exsiccati)  and  Pappophorum 
Wrightii  (224  also  of  Griffiths’  exsiccati)  differ  from  the  other 
specimens  in  having  the  sori  in  the  inflorescence  instead  of  on  the 
leaves.  Norton  has  described  the  germination  of  the  spores.  Lit¬ 
erature  :  29,  72,  74,  129. 

Ustilago  Buchloes  Ell.  &  Tr. 

Ustilago  bucliloes  Ell.  &  Tr.,  Journ.  Myc.,  6  :  77.  1890. 

Sori  on  leaves,  usually  forming  sausage  shaped  pustules,  ovoid  to 
linear,  3-10  mm.  in  length,  at  first  covered  by  thin  grayish  mem¬ 
brane  which  soon  ruptures  and  black  brown  spore  mass  becomes 
scattered ;  spores  dark  reddish  brown,  ellipsoidal  to  spherical  or 
occasionally  somewhat  angled,  smooth  or  very  obscurely  verruculose, 
13-16  /x  in  length. 

Host:  Buchloe  dactyloides ,  Neb.,  N.  Mex.  (type). 

The  sausage  shaped  sori  are  peculiar  though  also  possessed  by 
Ustilago  Hieronymi  which  differs  from  this  species  only  in  its 
minutely  though  plainly  echinulate  spores.  This  species  has  only 
been  collected  twice  and  it  is  possible  that  it  is  more  variable  than 
recorded  here.  Its  germination  has  not  been  described.  Griffiths 
writes  that  the  host  of  a  type  specimen  in  the  Dept,  of  Agriculture 
herbarium  is  Pouteloua  and  not  Puchloe.  Possibly  the  preceding 
species  is  not  distinct  from  this. 

Ustilago  pustulata  Tr.  &  Earle. 

Ustilago  pustulata  Tv.  &  Earle1,  Bull.  Torr.  Bot.  Club,  22  :  175.  1895. 

Exsiccati :  Ustilago  pustulata  Tr.  &  Earle,  on  Panicum  proliferum ,  Ell. 

&  Ev. ,  N.  A.  Fungi,  3339,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp., 

C  84. 

Sori  usually  in  ovaries,  sometimes  also  in  stamens,  forming  ovate 
bodies  about  2-4  mm.  in  length,  occasionally  on  stem  near  nodes  or 

1In  Vestergren’s  Micr.  Rar.  Sel.,  no.  14,  1899,  this  same  name,  Ustilago  pust¬ 
ulata  (DC.)  is  used  for  a  specimen  collected  by  Lagerheim  of  the  pustulata 
form  of  Ustilago  Bistortarum.  If  this  is  the  first  time  the  name  has  been  used 
for  this  so-called  species  it  cannot  have  precedence  over  the  name  as  used 
here. 
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at  base  of  inflorescence  and  then  forming  more  conspicuous  often 
nodular  swellings  one  to  several  centimeters  in  length,  with  dehis¬ 
cence  of  the  thin  smooth  membrane  disclosing  dusty  olive  brown 
spore  mass;  spores  chiefly  ovoid  to  spherical,  occasionally  more 
irregular,  usually  prominently  echinulate,  9-12  p,  rarely  most  elon¬ 
gated  15  /a,  in  length. 

Hosts:  Panicum  prolifer um ,  la.,  Ill.,  Kans.,  Miss,  (type);  P. 
mrgatum ,  Tex. 

This  is  very  closely  related  to  Ustilago  sphaerogena  from  which 
it  differs  in  the  smaller  sori  (when  they  occur  in  the  ovaries),  in 
its  development  on  various  parts  of  the  host,  and  in  the  smooth 
membrane  which  covers  the  sorus.  The  spores  are  about  the  same 
in  the  two  species.  The  germination  has  not  been  described  but 
has  been  found  by  the  writer  to  be  about  like  that  of  Ustilago 
sphaerogena.  Literature:  181. 

Ustilago  sphaerogena  Burr. 

Ustilago  sphaerogena  Burr.,1  Ell.  &  Ev.,  N.  A.  Fungi,  1892.  1887. 

Cintractia  sphaerogena  Hume,  Proc.  Ia.  Acad.  Sci.,  9  :  233.  1902. 

Exsiccati  :  Ustilago  sphaerogena  Burr.,  on  Panicum  Crus-galli ,  Ell.  & 
Ev.,  N.  A.  Fungi,  1892,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp., 
C  88,  Rab.-Wint.-Paz.,  Fungi  Eur.,  4307. 

Sori  in  ovaries,  ovate,  4-10  mm.  in  length,  covered  with  a  tough 
hispid  membrane  which  ruptures  irregularly  from  apex  disclosing  at 
first  an  agglutinated  but  finally  a  dusty,  olive  brown  spore  mass  ; 
spores  ovoid  to  subspherical,  prominently  and  sharply  echinulate, 
chiefly  9-12  p  in  length. 

Host:  Panicum  Crus-galli,  Conn.,  Ia.  (type  C.  sphaerogena), 
Ill.  (type),  Mo.,  Neb.,  N.  Car. ;  Mex.  (Jalisco). 

This  fungus  usually  occupies  only  a  few  of  the  ovaries  of  the 
inflorescence  and  these  are  generally  in  the  same  region.  It  is  often 
associated  with  Tolyposporium  bullatum  and  as  they  both  occupy 
the  ovaries  and  are  often  of  the  same  size  they  are  sometimes  con¬ 
fused.  They  can  be  distinguished  easily,  however,  as  the  former 
usually  produces  larger,  harder  sori  which  are  covered  by  a  hispid 
membrane  while  the  thinner  membrane  of  the  latter  is  smooth. 

1  The  first  description  of-this  species  seems  to  be  that  in  Sacc.,  Syll.  Fung., 
72 :  468.  1888. 
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Setchell  has  described  the  germination  of  Ustilago  sphaerogena. 
Hume  found  that  the  spores  are  developed  similarly  to  those  of  U. 
Crus-galli  as  described  by  Magnus.  Literature  :  87,  162. 

Ustilago  Crus-galli  Tr.  &  Earle. 

Ustilago  Crus-galli  Tr.  &  Earle,  Bull.  Torr.  Bot.  Club,  22  :  175.  1895. 

Cintractia  Seymouriana  Magn.,  Ber.  I)eut.  Bot.  Ges.,14:  217.  1896. 

Cintractia  Crus-galli  Magn.,  Ber.  Deut.  Bot.  Ges ,  14  :  392.  1896. 

Exsiccati :  Cintractia  Crus-galli  (Tr.  &  Earle)  Magn.,  on  Panicum  Crus- 
galli ,  Syd.,  Ust.,  125,  179,  Vest.,  Micr.  Rar.  Sel.,  324,  Griff.,  West  Amer. 
Fungi,  212,  212  a;  Ustilago  Crus-galli  Tr.  &  Earle,  on  Panicum  Crus-galli, 
Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  67. 

Sori  often  encircling  stem  at  nodes  or  at  place  of  the  inflorescence 
infecting  both  stem  and  leaves,  prominent,  often  nodular,  one  to 
several  centimeters  in  length,  protected  by  tough  hispid  membrane 
which  upon  rupture  discloses  olive  brown,  dusty  spore  mass  ;  spores 
ovoid  to  spherical,  occasionally  more  elongated,  rather  bluntly 
echinulate  or  even  verruculose,  chiefly  10-14  g  in  length. 

Host :  Panicum  Crus-galli ,  Ark.,  Colo.,  Conn.,  Ill.,  Mass.,  Minn., 
Ore.,  S.  Dak.,  Utah  (type),  Wash. 

This  fungus  is  very  closely  related  to  Ustilago  sphaerogena  which 
occurs  in  the  ovaries  of  the  same  host.  After  an  examination  of 
all  the  available  material  the  writer  finds  that  both  have  the  hispid 
covering  to  the  sori  and  that  the  outbreaks  on  the  stem  often 
closely  resemble  those  in  the  ovaries  in  shape  and  size.  There  are, 
however,  slight  differences  between  their  spores,  though  it  is  not 
certain  these  are  constant.  The  spores  of  Ustilago  Crus-galli  as  a 
rule  are  more  irregular,  slightly  larger,  often  darker  tinted  and  less 
abundantly  and  more  bluntly  echinulate.  Field  study  may  possibly 
show  that  these  species  are  sometimes  associated ;  though  the  writer 
has  often  collected  Ustilago  sphaerogena  in  Illinois  and  New  Eng¬ 
land  he  has  never  found  Ustilago  Crus-galli.  Magnus  has  placed 
this  latter  under  the  genus  Cintractia  because  of  the  method  of 
spore  development.  As  considered  here  Cintractia  is  limited  to 
species  possessing  a  different  type  of  spores.  The  germination  of 
the  spores  has  not  been  described.  Literature  :  116. 
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Ustilago  heterogena  P.  Henn. 

Ustilago  heterogena  P.  Henn.,  Hedw.,  43  :  155.  1904. 

Sori  at  nodes  of  the  stem  involving  the  axial  growths  and  trans¬ 
forming  them  entirely  or  their  base  into  a  conspicuous  tumor,  ovate 
to  elongated  lanceolate,  often  40  by  15  mm.,  covered  by  the  thick, 
smooth  envelope  of  plant  tissues,  finally  rupturing  and  disclosing  a 
brown  black  semi-agglutinated  to  dusty  spore  mass  ;  spores  medium 
to  dark  reddish  brown,  chiefly  ovoid  to  spherical,  conspicuously 
echinulate,  10-14  p,  rarely  16  p,  in  length. 

Host :  Leptochloa  scabra ,  La. 

These  specimens  were  collected  sparingly  on  escaped  plants  of 
the  host  near  New  Orleans  by  S.  M.  Tracy.  The  smut  comes  as 
near  Ustilago  Crus-galli  as  to  any  of  our  species,  but  is  distinguished 
from  this  by  the  larger  sori  with  a  smooth  covering  and  perhaps  by 
darker  spores.  Apparently  when  young,  the  sori  are  sometimes  con¬ 
cealed  by  the  leaf  sheath  through  which  they  may  eventually  break. 
The  fungus  is  evidently  the  same  as  Ustilago  heterogena  on  Lep¬ 
tochloa  virgata ,  described  by  Hennings  from  S.  America  since  the 
above  description  was  written.  Hennings  states  that  various  parts 
of  the  host  are  attacked  and  vary  in  size  as  with  Ustilago  Zeae. 

Ustilago  Zeae  (Beckm.)  Ung. 

Lycoperdon  zeae  Beckm.,  Hannov.  Mag.,  6  :  1330.  1768. 

Uredo  segetum  8  Mays  zeae  DC.,  FI.  Fr.,  2 :  596.  1805. 

Uredo  segetum  p.  Zeae  Mays  DC.,  Encyc.  Meth.  Bot.,  8  :  229.  1808. 

Uredo  maydis  DC.,  FI.  Fr.,  6  :  77.  1815. 

Uredo  Zeae  Schw.,  Fung.  Car.,  71  (45).  1822. 

Caeoma  Zeae  Lk.,  Sp.  PL,  62 :  2.  1825. 

Erysibe  Maydis  Wallr.,  FI.  Crypt.  Germ.,  2  :  215-6.  1833. 

Ustilago  zeae  Ung.,  Einfl.  Bodens,  211.  1836. 

Ustilago  Maydis  Cda.,  Icon.  Fung.,  5:  3.  1842. 

Ustilago  Schweinitzii  Till.,  Ann.  Sci.  Nat.,  Bot.,  hi,  7  :  86.  1847. 

Ustilago  Zeae-Mays  Wint.,  Rab.  Ivrypt.  FI.,  I1  :  97.  1881. 

Ustilago  Euchlaenae  Arcang.,  Erb.  Critt.  Ital.,  ii,  1152.  1882. 

Ustilago  Mays  zeae  Magn.,  Deutscli.  Bot.  Mon.,  13  :  50.  1895. 

Exsiccati :  Ustilago  Maydis  (DC.)  Cda.,  on  Zea  Mays,  Rav.,  Fungi  Car., 

iv,  100,  Rav.,  Fungi  Amer.,  281,  Underw.  &  Cook,  Illustr.  Fungi,  55,  Seym. 

&  Earle,  Econ.  Fungi,  71  a-b,  Shear,  N.  Y.  Fungi,  135,  Syd.,  Ust.,  157, 

Griff.,  West  Amer.  Fungi,  99  ;  Ustilago  Zeae  (Beckm.)  Ung.,  on  Zea  Mays , 

Kell.,  Ohio  Fungi,  16,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp., 


CLINTON:  NORTH  AMERICAN  USTILAGINEAE. 


363 


C  98,  C  99,  C  100,  on  Euchlaena  luxurians,  Seym.  &  Earle,  Econ.  Fungi 
Clinton  Ust.  Supp.,  C  97 )  Ustilago  Zeae  Mays  (DC.)  Wint.,  on  Euchlaena 
luxurians,  Kell.  &  Sw.,  Ivans.  Fungi,  25. 


Sori  on  any  jiart  of  the  host,  usually  prominent,  forming  irregular 
swellings  from  a  few  mm.  to  over  a  dcm.  in  diameter,  at  first  pro¬ 
tected  by  a  sort  of  false  white  membrane  composed  of  plant  cells  and 
semi-gelatinized  fungous  threads,  soon  rupturing  and  disclosing  red¬ 
dish  brown  spore  mass  ;  spores  ellipsoidal  to  spherical  or  rarely  more 
irregular,  prominently  though  rather  bluntly  echinulate,  8-11  p,,  most 
elongated  15  /a,  in  length. 


Hosts:  Euchlaena  luxurians ,  Ala..  Conn.,  Ia.,  Ill.,  Kan.,  Wise.  ; 
Zea  Mays ,  Ala.,  Calif.,  Conn.,  D.  C.,  Ga.,  Ia.,  Ill.,  Ind.,  Ivans.,  Mass., 
Md.,  Me.,  Mich.,  Minn.,  Miss.,  Mo.,  Neb.,  N.  Car.,  N.  J.,  N.  Y., 
Ohio,  Okl.,  Penn.,  R.  I.,  S.  Car.,  S.  Dak.,  Tex.,  Vt.,  Wise.,  W.  Ya.; 
Mex.;  Ont. 

This  is  one  of  the  most  common  and  widely  distributed  of  the 
smuts.  It  sometimes  causes  considerable  injury  to  the  corn  crop. 
As  the  smut  gains  entrance  into  the  host  through  any  very  young 
tissue,  it  cannot  be  prevented  by  seed  treatment.  The  yeast-like 
sporidia  propagate  in  manure  and  this,  especially  when  fresh,  if 
applied  to  the  land  is  likely  to  increase  the  amount  of  smut.  The 
form  on  Euchlaena  is  the  same  as  that  on  Zea,  as  shown  by  an  exam¬ 
ination  of  the  type  in  Erb.  Critt.  I  tab,  n,  1152.  The  germination 
of  the  smut  has  been  reported  by  a  number  of  botanists,  including 
Kuhn,  Wolff,  Brefeld,  Norton,  and  Clinton.  Literature  :  10, 14,  20, 
22,  27,  44,  75,  85,  97,  100,  103,  121,  129,  132,  144,  165,  172,  192, 
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Ustilago  Panici-glauci  (Wallr.)  Wint. 

Uredo  decipiens  a  graminum  Strauss,  Ann.  Wett.  Ges.,  2  :  111.  1811.  p.  p. 

Erysibe  Panicorum  a  Panici-glauci  Wallr.,  FI.  Crypt  Germ.,  2  :  216.  1833. 
Ustilago  neglecta  Niessl,  Rab.  Fungi  Eur.,  1200.  1866. 

Ustilago  Panici  glauci  Wint.,  Rab.  Krypt.  FI.,  I1  :  97.  1881. 

Exsiccati  :  Ustilago  neglecta  Niessl,  on  Setaria  glauca,  Ell.,  N.  A.  Fungi, 
286,  Seym.  &  Earle,  Econ.  Fungi,  65  a-b,  65  c,  (fasc.  viii),  Barth.,  Ell  ,  & 
Ev.,  Fungi  Col.,  1700;  Ustilago  Panici  glauci  (Wallr.)  Wint.,  on  Setaria 
glauca ,  Seym.  &  Earle.  Econ.  Fungi  Clinton  Ust.  Supp.,  C  81,  Griff.,  West 
Amer.  Fungi,  13. 

Sori  in  spikelets,  infecting  all  of  the  spike,  ovate,  2-3  mm.  in 
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length,  enclosed  by  glumes,  soon  rupturing  and  disclosing  dusty  dark 
brown  spore  mass;  spores  dark  brown,  usually  ovoid  to  spherical 
or  sometimes  more  elongated,  prominently  and  abundantly  echinu- 
late,  chiefly  10-14  g  in  length. 

Host:  Setaria  glauca,  Conn.,  Ia.,  Ill.,  Ind.,  Kans.,  Mass.,  Minn., 
Neb.,  N.  II.,  N.  J.,  N.  Y.,  Ohio,  S.  Dak.,  Vt.,  Wise. 

This  fungus  is  commonly  known  in  this  country  as  Ustilago  neg- 
lecta.  As  the  earlier  varietal  name  of  Wallroth  was  taken  up  by 
Winter  it  is  used  here  though  the  writer  is  not  in  favor  of  the  resur¬ 
rection  of  varietal  names  to  take  the  place  of  well  established  names. 
This  is  one  of  the  most  common  of  the  smuts  and  no  doubt  is  to  be 
found  in  every  State  where  the  host  occurs-.  The  germination  is 
described  by  Brefeld.  Literature  :  20,  129, 

Ustilago  Uniolae  Ell.  &  Ev. 

Ustilago  Uniolae  Ell.  &  Ev.,  Journ.  Myc.,  3  :  56.  1887. 

Exsiccati  :  Ustilago  Uniolae  Ell.  &  Ev.,  on  Uniola  gracilis ,  Seym.  & 

Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  93. 

Sori  in  ovaries,  showing  between  the  glumes  as  slightly  swollen 
ovoid  bodies,  about  2-4  mm.  in  length,  rather  firm,  with  semi-agglu¬ 
tinated  or  finally  dusty  spore  mass  ;  spores  dark  reddish  brown, 
oblong  or  ovate  to  spherical  or  occasionally  angled  and  irregular, 
obscurely  and  minutely  verruculose,  9-13  g  in  length. 

Host :  Uniola  gracilis,  Del.,  Ga.,  Miss.,  Tex.  (type).  • 

This  is  a  southern  species  that  has  been  reported  occasionally  but 
whose  germination  is  still  unknown. 

Ustilago  Eriocauli  (Mass.)  Clint. 

Cintractia  eriocauli  Mass.,  Grev.,  22:07.  1894. 

Ustilago  Eriocauli  Clint.,  Rhodora,  3  :  82.  1901. 

Exsiccati:  Ustilago  Eriocauli  (Mass.)  Clint.,  on  Eriocaulon  septangulare , 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  68. 

Sori  in  ovaries,  inconspicuous,  hidden  by  floral  envelopes,  black, 
ovoid,  distinctly  two  lobed  usually  ^  mm.  long  by  1  mm.  wide, 
firm,  with  tightly  packed  dark  olive  spore  mass  ;  spores  polyhedral 
to  subspherical  or  occasionally  more  elongated,  rather  prominently 
verruculose,  9-15  g  in  length. 
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Host:  Eriocaulon  septangular e,  Conn.,  Mass,  (type  XJ.  Erio- 
cauli ),  N.  H. 

This  was  described  by  the  writer  in  1901  as  a  new  species,  it 
being  considered  distinct  from  Cintractia  Eriocauli  as  described  by 
Massee  on  Eriocaulon  fenestratum  from  Madagascar.  Since  then, 
however,  specimens  of  the  latter  have  been  received  from  Massee 
and  the  two  prove  to  be  the  same.  Massee’s  original  description  is 
at  fault  in  that  it  gives  the  spores  as  smooth  when  they  are  distinctly 
verruculose.  The  fungus,  too,  comes  more  properly  under  Ustilago 
than  under  Cintractia.  The  writer  has  described  the  germination  of 
the  spores,  literature  :  28,  29. 


Ustilago  ornata  Tr.  &  Earle. 


Ustilago  ornata  Tr.  &  Earle,  Bull.  Toit.  Bot.  Club,  22:  175.  1895. 

Exsiccati  :  Ustilago  ornata  Tr.  &  Earle,  on  Leptochloa  mucronata ,  Ell.  & 
Ev.,  N.  A.  Fungi,  3340,  Seym.  &  Earle,  Econ.  Fungi,  542. 


Sori  in  ovaries,  rather  inconspicuous,  showing  between  the  glumes 
as  ovoid  bodies  1-2  mm.  in  length  •  spores  brown,  chiefly  subspher- 
ical  or  spherical,  occasionally  ovate  or  ovoid,  very  conspicuously 
verrucose  or  echinulate,  10—14  g  in  length. 

Host  :  Leptochloa  mucronata ,  Miss.  (type). 

Tracy  and  Earle  state  that  the  infected  panicles  remain  more  or 
less  enclosed  in  the  leaf  sheaths.  Through  some  error  they  described 
the  infected  ovaries  as  20-30  mm.  in  length.  This  is  another  spe¬ 
cies  whose  germination  has  not  been  reported.  Literature  :  181. 


Ustilago  Sporoboli  Tr.  &  Earle. 

Ustilago  Sporoboli  Tr.  &  Earle,  Bull.  Torr.  Bot.  Club,  23  :  211.  1896. 

Sori  in  ovaries,  ovate,  about  2  mm.  in  length,  forming  rather  firm 
compact  spore  masses;  spores  medium  dark  reddish  brown,  ovoid 
to  spherical,  with  prominent  coarse  subhyaline  tubercles,  11-15  g 

in  length. 

Host:  Sporobolus junceus,  Miss.  (type). 

The  coarse  somewhat  tinted  and  subacute  tubercles  are  character¬ 
istic  of  this  species  which  has  only  been  reported  from  a  single  State. 
Its  germination  is  not  known. 
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Ustilago  Vilfae  Wint. 

Ustilago  Vilfae  Wint.,1  Bull.  Torr.  Bot.  Club,  10:  7.  1883. 

Tilletia  subfusca  Hume,  Proc.  Ia.  Acad.  Sci.,  9:  235.  1902. 

Exsiccati  :  Ustilago  Vilfae  Wint.,  on  Vilfa  vaginaefiora ,  Ell.,  N.  A. 

Fungi,  1093. 

Sori  in  the  inflorescence,  converting  it  into  an  elongated  dusty 
spore  mass,  1-2  cm.  in  length,  at  first  completely  hidden  by  the 
enveloping  leaf  sheath ;  spores  dark  reddish  brown,  ovoid  or  rarely 
oblong  to  spherical,  often  slightly  angled,  more  or  less  prominently 
verruculose,  chiefly  12-16  ^t,  rarely  19  p,  in  length. 

Hosts :  Sjiorobolus  neglectus ,  Ia.  (type  Tilletia  subfusca ) ;  S. 
vaginaeflorus ,  Ivans.,  Penn.  (type). 

This  species  is  near  Ustilago  Habenhorstiana ,  differing  in  having 
smaller  sori  and  larger,  usually  more  prominently  verruculose  spores. 
Norton  failed  in  his  effort  to  germinate  the  spores. 

Ustilago  Habenhorstiana  Kuhn. 

Caeoma  Syntherismae  Schw.,  N.  A.  Fungi,  290.  1834. 

Ustilago  Habenhorstiana  Ktihn,  Hedw.,  15  :  4.  1876. 

Ustilago  destruens  var.  Digitariae  Sacc.,  Nuo.  Giorn.  Bot.  Ital.,8:  167. 

1876. 

Ustilago  Cesatii  Fiscli.  d.  Waldh.,  Aperc.  Syst.  Ust.,  25.  1877.  p.  p. 

Ustilago  Syntherismae  Auct.2  p.  p.  [Cke.,  Grev.,  6:  138.  1878]. 

Exsiccati :  Ustilago  Habenhorstiana  Ktihn,  on  Panicum  sanguinale ,  Ell., 

N.  A.  Fungi,  287,  Seym.  &  Earle,  Econ.  Fungi,  63,  63 b  (fasc.  vm),  Rab.- 

Wint.-Paz.,  Fungi  Eur.,  4010,  Syd.,  Ust.,  164,  Seym.  &  Earle,  Econ.  Fungi 

Clinton  Ust.  Supp.,  C  85;  Ustilago  Syntherismae  Schw.,  on  Panicum 
,  sanguinale,  Ell.  &  Ev.,  N.  A.  Fungi,  1890 b,  on  Panicum  sp.,  Rav.,  Fungi 

Amer.,  56. 

Sori  usually  involving  the  entire  inflorescence,  linear-oblong,  3-5 
cm.  in  length,  at  first  hidden  by  enveloping  leaf  sheaths  but  finally 
more  or  less  visible  as  a  black  brown  dusty  mass  of  spores  surround¬ 
ing  the  elongated  remnants  of  the  inflorescence;  spores  reddish  olive 
brown,  ovoid  to  spherical  or  occasionally  somewhat  angled,  echinu- 
late  or  verruculose,  usually  10-14  p  in  length. 

i 

1  Also  in  Hedw.,  22  :  2.  1883. 

2  See  synonymy  under  Sorosporium  Syntherismae.  This  same  name  was  used 
three  years  earlier  by  Peck  for  that  fungus. 
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Hosts:  Panicum  filiforme,  N.  J.,  Mex.  (Guadalajara);  P.  fim- 
briatum ,  Mex.  (Guadalajara)  ;  P.  glabrum ,  la.,  Ill.,  Ivans.,  Minn., 
N.  H.;  P.  sanguinale ,  Ala.,  Conn.,  D.  C.,  Ga.,  Ia.,  Ill.,  Ind.,  Ivans., 
Md.,  Mass.,  Miss.,  Minn.,  Mo.,  Neb.,  N.  J.,  Ohio,  N.  Car.,  Tex., 
Wis.;  Panicum  sp.,  N.  Y.,  S.  Car. 

The  spores  of  this  very  common  species  resemble  those  of  Soro- 
sporium  Syntherismae.  It  lacks,  however,  the  spore  balls  and  the 
prominent  false  membrane  of  that  species.  Klihn  and  Norton  have 
reported  the  germination.  Literature  :  20,  129. 

Ustilago  Holwayana  P.  Henn. 

Ustilago  Holwayana  P.  Henn.,  Bot.  Gaz.,  28:  274.  1899. 

Sori  in  the  inflorescence,  elongated,  2  cm.  or  more  in  length, 
concealed  by  leaf  sheaths,  at  first  covered  by  thin  membrane  which 
soon  ruptures  disclosing  black  brown  dusty  spore  mass  surrounding 
remains  of  inflorescence  as  a  columella;  spores  medium  dark  reddish 
brown,  ovoid  to  spherical  or  occasionally  slightly  angled,  rather  prom¬ 
inently  echinulate,  12-16  /a  in  length. 

Host:  Paspalum  velutinum ,  Mex.  (type). 

This  species  is  near  Ustilago  Pabenhorstiana  from  which  it  differs 
in  the  slightly  larger  and  more  prominently  echinulate  spores.  There 
have  been  five  other  species  of  smuts  described  on  Paspalum  as  the 
host.  The  germination  of  this  is  unknown. 

Ustilago  Aegopogonis  P.  Henn. 

Ustilago  Aegopogonis  P.  Henn.,  Hedw.,  37:  267.  1898. 

Sori  elongated-ellipsoidal,  5-10  mm.  in  length,  enclosed  in  leaf 
sheaths,  possibly  aborting  the  inflorescence  but  the  dusty  black  spore 
mass  without  remains  of  plant  tissues  ;  spores  dark  reddish  brown, 
subopaque,  broadly  oblong  or  ovate  to  spherical  or  often  slightly 
angled,  rather  obscurely  verruculo-echinulate,  chiefly  11-14  g  in 
length. 

Hosts:  Aegopog on  cenchroides,  Mex.  (type);  Hilaria  cenchroides , 

Ariz. 

This  is  another  of  the  southern  species  about  which  too  little  is 
known  and  whose  germination  has  not  been  reported.  The  speci¬ 
mens  collected  by  Griffiths  on  Ililaria  cenchroides  in  Arizona  do 
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not  seem  to  differ  from  the  type.  They  differ  decidedly  from 
Ustilago  Hilariae. 

Ustilago  Hilariae  Ell.  &  Tr. 

Ustilago  hilariae  Ell.  &  Tr.,  Journ.  Myc.,  6  :  77.  1890. 

Uredo  Hilariae  Sacc.,  not  Ell.  &  Tr.,  Syll.  Fung.,  9  :  333.  1891. 

Sori  in  the  inflorescence  and  somewhat  in  the  enveloping  leaves, 
usually  elongated,  cm.  in  length,  covered  by  a  thin  whitish 

membrane  through  which  the  dark  spore  mass  shows,  or  hidden 
entirely  by  unaltered  enveloping  parts ;  spores  light  reddish  brown, 
usually  subspherical  or  spherical  or  occasionally  ovoid,  minutely 
echinulate,  chiefly  13-17  p  in  length. 

Hosts  :  Hilar ia  Jamesii ,  Colo.,  N.  Mex.  (type)  ;  H.  mutica,  Ariz. 

Through  some  error  Saccardo  printed  the  description  of  this 
species  under  the  name  Uredo  Hilariae  Ell.  &  Tr.  Later,  Hen¬ 
nings  described  a  different  smut  on  Hilaria  as  Ustilago  Hilariae, , 
evidently  not  knowing  that  this  name  had  already  been  used  by 
Ellis  &  Tracy.  The  fungus  described  here  has  some  resemblance  to 
Ustilago  Mulf  or diana  and  U  Aegopogonis ,  differing  in  its  lighter 
colored  more  finely  echinulate  spores.  Its  germination  has  not 
been  reported. 

Ustilago  Mulfordiana  Ell.  &  Ev. 

Ustilago  Mulfordiana  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  22  :  362.  1895. 

TiUetia  mixta  Mass.,  Kew  Bull.,  153-154  :  145.  1899.  p.  p. 

Ustilago  Festucae-tenellae  P.  Henn.,  Hedw.,  Beibl.,  41  :  61.  1902. 

Exsiccati:  TiUetia  fusca  Ell.  &  Ev.,  on  Festuca  sp.,  Ell.  &  Ev.,  N.  A. 

Fungi,  1895  ;  Ustilago  Mulfordiana  Ell.  &  Ev.,on  Festuca  tenella,  Seym.  & 

Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  76,  Griff.,  West  Amer.  Fuiwi 

229,  229a,  230. 

Sori  in  the  inflorescence  (often  destroying  only  basal  part)  and 
the  enveloping  leaves,  elongated,  usually  1-2  cm.  in  length,  covered 
by  the  thin  whitish  epidermis  or  by  the  less  altered  opaque  parts  ; 
spores  nearly  opaque,  dark  reddish  brown,  ovoid  to  spherical  or 
somewhat  irregular,  when  dry  laterally  compressed,  rather  coarsely 
though  obscurely  verruculose,  12-18  p  in  length. 

Hosts  :  Festuca  microstachya ,  Wash.  ;  F.  tenella ,  Ariz.,  Ida., 
Mont.,  Ore.,  Wash.,  Wyo.;  Mex.  ;  Festuca  sp.,  Calif.,  Ida.  (type).  * 
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This  species  was  issued  by  mistake  in  Ell.  &  Ev.,  1ST.  A.  Fungi,  no. 
1895,  as  Tilletia  fusca  on  Festuca  microstachya .  Later  the  label 
was  corrected  as  follows:  “This  was  issued  by  mistake  for  Tilletia 
fusca.  Is  is  not  that  species  and  apparently  not  a  Tilletia.  The 
host  also  appears  to  be  Festuca \  tenella In  1895,  Ellis  and 
Everhart  described  Ustilago  Mulfordiana  but  did  not  associate  it 
with  this  specimen  in  their  exsiccati,  though  it  is  evidently  the 
same.  Massee,  in  1899,  in  his  paper  on  Tilletia,  described  a  new 
species,  Tilletia  mixta ,  which  includes  a  form  on  Eriochloa  annu- 
lata  from  Australia  and  the  one  issued  bv  Ellis  and  Everhart.  The 
writer  has  not  seen  the  form  on  Eriochloa  and  so  cannot  speak  as  to 
its  identity.  The  Ellis  and  Everhart  specimen,  however,  is  appar¬ 
ently  an  Ustilago  and  their  name,  Ustilago  Mulfordiana ,  antedates 
that  of  Massee.  In  the  Holway  herbarium  there  is  a  specimen 
collected  in  Washington  on  Festuca  tenella  and  labeled  Ustilago 
Festucae-tenellae  Henn.  This  species  has  been  published  recently 
by  Hennings  and  is  the  same  as  that  described  here.  The  germina¬ 
tion  has  not  been  reported.  Literature:  72,  73. 

Ustilago  elegans  Griff. 

Ustilago  elegans  Griff.,  Bull.  Torr.  Bot.  Club,  29  :  292.  1902. 

* 

Exsiccati:  Ustilago  elegans  Griff.,  on  Chloris  elegans ,  Griff.,  West  Amer. 

Fungi,  309. 

Sori  in  the  inflorescence,  hidden  by  leaves  and  sheaths,  sometimes 
showing  through  at  the  base,  with  a  dusty  black  brown  spore  mass 
through  which  the  remains  of  inflorescence  are  distributed  as  slender 
threads;  spores  dark  reddish  brown,  ovoid  to  chiefly  spherical, 
minutely  and  rather  obscurely  verruculose,  10-14  y  in  diameter. 

Host:  Chloris  elegans ,  Ariz.  (type). 

This  species  seems  to  be  distinct  from  the  other  species  on  Chloris 
that  have  been  described  by  Hennings  from  this  country.  Its 
germination  has  not  been  reported.  Literature:  72. 

Ustilago  Dieteliana  P.  Henn. 

Ustilago  Dieteliana  P.  Henn.,  Hedw.,  37  :  268.  1898. 

Exsiccati:  Ustilago  Dieteliana  P.  Henn.,  on  Tripsacum  dactyloides , 

Syd.,  Ust.,  152. 


370  PROCEEDINGS :  BOSTON  SOCIETY  NATURAL  HISTORY. 


Sori  very  elongated,  often  1  or  more  dcm.  in  length,  at  apex  of 
culm,  enveloped  by  leaves  and  leaf  sheaths,  apparently  infecting 
inner  leaves  as  well  as  inflorescence  and  changing  these  into 
elongated  shredded  filaments  scattered  among  the  at  first  agglu¬ 
tinated  but  finally  dusty  olive  black  spore  mass;  spores  dark  reddish 
brown,  chiefly  ovoid  or  ovate  to  spherical,  rather  prominently 
verruculose,  9-14  /x  in  length. 

Host :  Tripsacum  dactyloides ,  Mex.  (type) . 

The  very  elongated  sorus  is  peculiar.  The  germination  of  the 
spores  has  not  been  described. 

Ustilago  striaeformis  (West.)  Niessl. 

Uredo  longissima  var.  Hold  Ces.,  Ivlotz-Rab.  Herb.  Yiv.  Myc.,  1498.  1850. 
Uredo  striaeformis  West.,  Bull.  Acad.  Roy.  Belg.,  182 :  406.  1852. 

Uredo  longissima  var.  megalospora  Riess,  Klotz-Rab.  Herb.  Yiv.  Myc., 
1897.  1854. 

Tilletia  de-Baryana  Fisch.  de  Waldh.,  Rab.  Fungi  Eur.,  1097.  1866. 

Tilletia  Milii  Fckl.,  Symb.  Myc.,  1  :  40.  1869. 

Ustilago  striaeformis  Niessl,  Hedw.,  15  :  1.  1876. 

Tilletia  striaeformis  Oud..  Bot.  Zeit.,  36  :  440-441.  1878. 

Tilletia  alopecurivora  Ule,  Verb.  Bot.  Yer.  Prov.  Brand.,  25:  214.  1884. 

Tilletia  Brizae  Ule,  Verh.  Bot.  Ver.  Prov.  Brand.,  25  :  214.  1884. 

Ustilago  Washingtoniana  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  22  :  57.  1895. 

Exsiccati :  Tilletia  striaeformis  (West.),  on  Ammophila  arundinacea, 
Seym.  &  Earle,  Econ.  Fungi,  77  ;  on  Phleum  pratense ,  Ell.  &  Ev.,  Fungi 
Col.,  1370,  Seym.  &  Earle,  Econ.  Fungi,  76,  Ell.,  N.  A.  Fungi,  1498;  on 
grass,  Und.  &  Cook,  Illust.  Fungi,  58;  Ustilago  striaeformis  (West.)  Niessl, 
on  Agrostis  alba  var.  vulgaris,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust. 
Supp.,  C  89,  on  Elymus  Virginicus,  Seym.  &  Earle,  Econ.  Fungi  Clinton 
Ust.  Supp.,  C  90  ;  on  Phleum  pratense,  Seym.  &  Earle,  Econ.  Fungi  Clinton 
Ust.  Supp.,  C  91 ;  on  Poa  pratensis,  Seym.  &  Earle,  Econ.  Fungi  Clinton 
Ust.  Supp.,  C  92. 

Sori  in  leaves,  rarely  in  the  inflorescence,  from  short-linear  often 
extending  apparently  by  terminal  fusion  for  several  cm.,  also 
occasionally  fusing  laterally  to  cover  most  of  leaf,  at  first  covered  by 
epidermis  but  this  soon  ruptured  and  dusty  brown  black  lines  of 
spores  becoming  scattered  and  leaves  shredded  ;  spores  usually 
ellipsoidal  to  spherical,  occasionally  irregular,  prominently  echinu- 
late,  chiefly  9-14  /x  in  length. 

Hosts :  Agrostis  alfra  var.  vulgaris ,  Conn.,  Ia.,  Ill.,  Mo. ; 
Ammophila  arundinacea,  Mass. ;  Elymus  Canadensis  var.  glauci- 
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folhcs ,  Wise.  ;  E.  Virginicus,  Ill. ;  Phleum  pratense,  Calif., 
Ia.,  Ill.,  Ind.,  Ivans.,  Mass.,  Minn.,  Mo.,  Ohio,  N.  J.,  N.  Y.,  Utah, 
Wise. ;  Can. ;  ?  Poa  annua ,  Mass.  ;  P.  debilis ,  Wise. ;  P.  pratensis , 
la.,  Ill.,  Ohio  ;  Sitanion  longifolium ,  Calif. ;  Unknoion  grass ,  Mass., 
N.  J.,  N.  Y.,  Tex.,  Wash,  (type  U.  Washing t o niana) . 

Botanists  differ  considerably  as  to  what  should  be  included  under 
this  species.  The  following,  which  are  sometimes  given  as  syn¬ 
onyms,  appear  to  be  distinct  species:  Ustilago  macrospora  Desm. 
(including  Tilletia  acideata  Ule  and  Tilletia  serpens  Karst.)  and 
Ustilago  Calamagrostidis  (Fckl.)  Clint.  Ustilago  striaeformis, 
with  its  related  species,  is  usually  placed  under  the  genus  Tilletia, 
apparently  under  the  impression  that  Fischer  de  W aldheim  found  it 
to  belong  there  through  the  germination  of  the  spores.  There  seems 
to  be  no  evidence,  however,  that  he  or  any  European  botanist  has 
figured  the  germination  of  this  species.  Pammel,  of  Iowa,  gives  a 
somewhat  questionable  figure  tending  to  show  the  germination  to  be 
that  of  a  Tilletia.  The  writer  has  tried  many  times  to  germinate 
the  spores  found  on  Phleum  and  Agrostis  and  in  a  few  instances 
has  germinated  a  few  spores  from  the  latter  host.  In  these  cases 
the  spores  sent  out  elongated  germ  tubes  but  did  not  produce 
sporidia.  The  general  aspect  of  these  species  is  that  of  Ustilago 
and  as  there  seems  to  be  no  real  evidence  that  they  are  Tilletias 
they  have  been  classified  here  under  the  former  genus.  This  smut 
sometimes  occurs  with  Urocystis  Agropyri  or  Ustilago  hypodytes 
on  the  same  host  plant.  Literature:  27,  73,  133. 

Ustilago  Calamagrostidis  (Fckl.)  Clint. 

Tilletia  Calamagrostis  Fckl.,  Symb.  Myc.,  40.  1869. 

Ustilago  Calamagrostidis  Clint.,  Journ.  Myc.,  8 :  138.  1902. 

Exsiccati:  Tilletia  striaeformis  (Westd.)  Wint.,  on  Calamagrostis  Cana¬ 
densis  acuminatus ,  Griff.,  West.  Amer.  Fungi,  228. 

• 

Sori  in  leaves,  more  rarely  also  in  axis  of  inflorescence  and  even 
in  spikelets,  generally  showing  as  linear  striae,  distinct  or  often 
more  or  less  confluent,  at  first  covered  by  epidermis,  upon  rupture 
disclosing  dusty  brown  black  lines  of  spores  ;  spores  medium  to  dark 
reddish  brown,  rather  irregular,  oblong  to  spherical,  usually  angular, 
prominently  verrucose,  13  -20  /x  in  length. 

Hosts :  Calamagrostis  Canadensis,  Vt.  ;  C.  Canadensis  var. 
acuminatus ,  Wyo.  ;  C.  Pickeringii ,  N.  Y. 
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This  species  is  closely  related  to  Ustilago  macrospora.  It  differs 
from  Ustilago  striaeformis  in  having  larger  more  prominently  ver- 
rucose  spores.  Because  of  its  relationship  to  these  species  and  its 
general  appearance,  it  is  considered  here  as  an  Ustilago  rather  than 
a  Tilletia.  The  writer  has  not  seen  the  form  on  Calamagrostis 
Pickeringii  though  it  more  probably  belongs  here  than  under 
Ustilago  striaeformis.  The  germination  of  this  species,  apparently, 
has  not  been  reported. 

Ustilago  macrospora  Desm. 

Ustilago  macrospora  Desm.,  PI.  Crypt.,  n,  1727.  1850. 

Tilletia  serpens  Karst.,  Eung.  Fenn.,  599.  1866. 

Tilletia  aculeata  Ule,  Verh.  Bot.  Ver.  Prov.  Brand.,  25:  213.  1884. 

Exsiccati:  Ustilago  macrospora  Desm.,  on  Elymus  sp.,  Ell.,  Ev.,  & 

Barth.,  Fungi  Col.,  1900. 

Sori  in  leaves  and  glumes,  generally  showing  as  linear  striae,  but 
often  more  or  less  merged,  at  first  covered  by  epidermis,  but  this 
rupturing  and  disclosing  black  brown  dusty  lines  of  spores  ;  spores 
medium  to  dark  reddish  brown,  chiefly  ovoid  to  spherical  or  occa¬ 
sionally  somewhat  irregular  and  more  elongated,  coarsely  verrucose, 
at  circumference  usually  showing  the  projections  as  tinted  blunt 
scale-like  appendages,  sometimes  even  semi-reticulated,  12-19  p  in 
length. 

Host :  Agropyrum  repens ,  la.,  Mass.,  Wise.;  A.  spicatum ,  Ore.; 
A.  spicatum  var.  inerme,  Wash.;  Agropyrum  sp.,  Utah  ;  Elymus 
sp.,  Utah. 

This  species  is  sometimes  placed  by  European  botanists  with 
forms  on  Calamagrostis  under  Tilletia  Calamagrostis  Fckl.  To  the 
author  it  seems  distinguished  by  the  coarser  papillae  which  in  some 
specimens  become  even  semi-reticulate  and  by  the  spores  being  less 
irregular.  However,  it  is  closely  related  to  this  species.  The  syn¬ 
onymy  given  for  Ustilago  macrospora  is  based  on  an  examination 
of  authentic  exsiccati  specimens.  The  Desmazi&re  specimen  is  said 
to  be  on  Bromus  pinnatus,  the  Karsten  on  Dactylis  glomerata,  and 
the  Ule  on  Triticum  repens.  Concerning  Ustilago  Salveii  on  Dactylis 
glomerata  Massee  says  :  u  The  present  species  has  been  referred  to 
Tilletia  striiformis  Magpus  by  various  authors,  but  an  examination 
of  the  type  shows  it  to  be  quite  distinct ;  it  is,  however,  morpho- 
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logically  closely  allied  to  Ustilago  macrospora The  specimen  in 
Cooke’s  exsiccati  has  been  examined  but  this  seems  nearer  to  Usti¬ 
lago  striaeformis  than  to  the  species  described  here.  It,  however, 
may  not  agree  with  the  type  examined  by  Massee.  The  germina¬ 
tion  of  Ustilago  macrospora  has  not  been  reported.  Some  of  the 
specimens  on  Agropyrum  spicatum  approach  very  closely  to  Ustilago 
striaeformis ,  while  the  specimen  reported  on  Elymus  from  Utah  is 
evidently  U.  macrospora ,  though  all  the  other  specimens  seen  on 
this  host-genus  belong  to  U.  striaeformis . 

Ustilago  echinata  Schrot. 

Ustilago  echinata  Schrot ,  Abh.  Schles.  Ges.,  Abth.  Nat.  Med.,  1869-72:4. 

1869. 

Ustilago  verrucosa  Vest.,  Jahreskat.  Wiener  Krypt.  Tausch.,  3.  1897. 

Ustilago  Baldingerae  Vest.,  in  sched. 

Ustilago  Vestergreni  Sacc.  &  Syd.,  Syll.  Fung.,  14:  413.  1899. 

Sori  in  leaf  blades  and  sheaths,  forming  conspicuous  elongated 
striae  often  running  greater  length  of  leaf,  upon  rupture  forming  a 
dusty  or  semi  agglutinated  brown  black  spore  line;  spores  rather 
dark  reddish  brown,  ovoid  to  spherical,  provided  with  conspicuous 
irregular  scale-like  tubercles  which  are  rarely  semi-anastomosed, 
chiefly  14-17  /x,  most  elongated  rarely  19  g,  in  length. 

Host:  Phalaris  arundinacea ,  Neb.,  Wash. 

This  species  is  very  closely  related  to  Ustilago  macrospora  but 
apparently  is  provided  with  coarser  projections  on  the  cell  wall  and 
these  do  not  anastomose  as  commonly  as  with  that  species. 

Ustilago  Arthurii  Hume. 

Ustilago  Arthurii  Hume,  Proc.  Ia.  Acad.  Sci.,  9  :  233.  1902. 

Ustilago  Scolochloae  Griff.,  Bull.  Torr.  Bot.  Club,  31  :  86.  1904. 

Sori  in  the  enfolded  leaves,  forming  linear  striae  chiefly  on  their 
inner  surface,  which  soon  become  obliterated  by  the  dusty  reddish 
brown  stratum  of  spores  filling  the  interior ;  spores  olive  brown, 
rather  regular,  chiefly  subspherical  or  spherical,  abundantly  covered 
with  conspicuous  tubercles  or  scales,  rarely  very  slightly  anastomos¬ 
ing,  12.5-16  g  in  length. 

Hosts:  Glyceria  grandis,  Ia.  (type);  Scolochloa  festucacea,  Ore. 
(type  U.  Scolochloae). 


374  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Hume  practically  gave  no  description  of  his  species.  Comparing 
the  type  specimens  with  those  of  Griffith’s  type  there  seems  to  be 
no  practical  difference  between  the  two.  The  spores  are  somewhat 
like  those  of  Ustilago  echinata ,  but  the  general  character  of  sorus 
seems  to  be  different,  the  latter  having,  apparently,  more  isolated 
striae  on  the  open  leaves.  The  species  described  here  is  peculiar 
because  of  the  thoroughness  with  which  it  infects  the  enfolded 
leaves  and  dwarfs  the  internodes,  evidently  preventing  the  forma¬ 
tion  of  the  panicles. 

Ustilago  Tulipae  (Heuffi)  Wint. 

Caeoma  Tulipae  Heufl.,  in  sched. 

Urocystis  pompholygodesf.  Tulipae  Rab.,  Fung.  Eur.,  1099.  1866. 

Ustilago  Heufleri  Fckl.,  Symb.  Myc.,  39.  1869. 

Ustilago  Erythronii  Clint.,  Bull.  Buff.  Soc.  Nat.  Sci.,  1  :  67.  1873. 

Ustilago  Tulipae  Wint.,  Rab.  Ivrypt.  FI.,  I1 :  8(5.  1881. 

Ustilago  Ornithogali  f.  Erythronii  De  Toni,  Syll.  Fung.,  72  :  452-453.  1888. 

Exsiccati :  Ustilago  Erythronii  Clint  ,  on  Erythronium  Americanum, 
Shear,  N.  Y.  Fungi,  83;  Ustilago  Ornithogali  Selim.  &  Kze.,  on  Erythron¬ 
ium  Americanum ,  Ell.,  N.  A.  Fungi,  1095  ;  Ustilago  Ornithogali  f.  Ery¬ 
thronii  (Clint.),  on  Erythronium  Americanum ,  Ell.  &  Ev.,  Fungi  Col.,  471, 
Rab.,  Fungi  Eur.,  4207. 

Sori  in  leaves,  forming  conspicuous  rounded,  or  often  elongated 
pustules,  covered  by  thin  whitish  membrane  which  upon  rupture 
discloses  a  somewhat  dusty  black  spore  mass  ;  spores  dark  reddish 
brown,  ovoid  or  ovate  to  spherical,  usually  regular,  thick  walled, 
smooth  but  inner  wall  provided  with  more  or  less  evident  projec¬ 
tions  extending  into  outer  lighter  colored  part,  13-22  p  in  length. 

Host :  Erythronium  Americanum ,  Mo.,  N.  J.,  N.  Y.  (type  XJ. 
Erythronii) ,  Penn. 

This  form  on  Erythronium,  described  as  distinct  by  Judge  Clinton, 
has  been  placed  by  some  botanists  as  a  variety  or  even  as  a  synonym 
of  l  stilago  Ornithogali  of  Europe.  An  examination  of  all  of  the 
specimens  in  the  Harvard  cryptogamic  herbarium  on  Gagea  (there 
being  no  specimens  there  on  Ornithogalum)  shows  that  these  differ 
from  those  on  Erythronium  in  the  lighter  colored  much  more  irreg¬ 
ular  spores  whose  inner  wall  lacks  the  irregular  projections  ( poren - 
kanalen  of  Winter).  The  American  form,  however,  does  agree 
entirely  with  the  European  species  Ustilago  Tulipae  as  described 
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by  Winter  and  as  issued  in  Rab.  Fungi  Eur.,  1099.  While  the 
germination  of  this  species,  apparently,  has  not  been  described, 
Cocconi  has  described  that  of  Ustilago  Ornithogali,  which  is  of 
the  Ustilago  type. 


*  *  Spores  golden. 


Ustilago  Vaillantii  Tul. 

Ustilago  Vaillantii  Tul.,  Ann.  Sci.  Nat.,  Bot.,  hi,  7 :  90.  1847. 

Sori  in  anthers  and  other  essential  organs,  filling  the  floral  envel¬ 
opes  with  a  dusty  dark  olive  mass  ;  spores  variable,  golden  brown, 
ellipsoidal  to  spherical,  smooth,  but  inner  wall  apparently  obscurely 
echinulate,  chiefly  7-12  g  in  length. 

Host :  Scilla  praecox,  Mass. 

This  European  species,  so  far  as  the  writer  is  aware,  has  been 
collected  in  North  America  only  in  the  vicinity  of  Boston,  where  it 
was  found  on  cultivated  species  of  Scilla.  It  is  not  unlikely  that  it 
occurs  elsewhere  but  has  escaped  attention.  Among  the  older  spe¬ 
cies  this  is  one  of  the  very  few  that  have  not  been  encumbered  with 
a  number  of  synonyms.  Schroter  and  Brefeld  have  described  its 
germination. 

Ustilago  Oxalidis  Ell.  &  Tr. 

Ustilago  Oxalidis  Ell.  &  Tr.,  Journ.  Myc.,  6  :  77.  1890. 

Exsiccati :  Ustilago  Oxalidis  Ell.  &Tr.,  on  Oxalis  stricta .  Ell.  &  Ev.,  N.  A. 

Fungi,  2424,  Ell.  &  Ev.,  Fungi  Col.,  470,  Rab.-Wint.-Paz.,  Fungi  Eur.,  4007, 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  79,  C  80. 

Sori  in  the  seeds,  inconspicuous  (affected  ovaries  scarcely  differ¬ 
ing  from  the  normal  except  on  dehiscence  showing  more  or  less  of 
the  seeds  changed  into  reddish  brown  dusty  spore  masses  slightly 
larger  than  the  uninfected  seeds) ;  spores  golden  yellow,  chiefly 
ovoid  to  spherical,  occasionally  more  elongated  or  irregular,  coarsely 
verrucose,  13-20  g  in  length. 

Host :  Oxalis  stricta ,  Conn.,  Ia.,  Ill.,  Ivans.,  Miss,  (type),  Mo., 
N.  Y.,  Wise. 

In  the  study  of  this  species  the  writer  has  found  that  the  stamens 
of  the  infected  flowers  contain  what  appears  to  be  a  conidial  stage. 
This  forms  ovoid  to  subspherical,  hyaline,  thin  walled  conidia  in 
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considerable  numbers  on  the  surface  of  the  anthers.  These  conidia 
are  produced  from  short  fertile  hyphae  that  barely  project  beyond 
the  surface  and  are  so  placed  that  they  might  easily  be  carried  by 
insects  in  the  same  way  as  are  pollen  grains.  They  have  been 
found  adhering  to  the  stigmas  and  at  the  base  of  the  floral  parts 
and  possibly  upon  germinating  may  produce  infection  at  these 
places,  though  a  single  experiment,  where  the  conidia  were  so 
placed  on  healthy  blossoms,  was  not  successful  in  this  respect. 
When  placed  in  water  the  conidia  germinated  readily,  sending  out 
a  septate  slightly  branched  germ  tube  of  greater  or  less  extent. 
These  conidia  were  first  observed  in  the  smutted  flowers  in  Illinois 
several  years  ago  and  were  found  each  season.  Later  they  were 
observed  in  Connecticut  and  have  been  found  in  a  number  of  exsic- 
cati  specimens.  The  mycelium  is  perennial  in  the  host,  apparently, 
as  it  has  been  found  in  the  perennial  basal  parts  as  well  as  in  the 
nodes  of  the  stem.  The  spores  have  somewhat  the  aspect  of  a 
Tilletia.  Their  germination  has  never  been  reported,  though  the 
writer  has  tried  several  times  to  germinate  them.  Literature:  181. 

*  *  *  1  Spores  lilac  to  purple,  reticulate. 

Ustilago  vinosa  (Berk.)  Tul. 

Uredo  vinosa  Berk.,  in  Hit. 

Ustilago  vinosa  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7 :  96.  1847. 

Sori  in  the  essential  organs,  forming  purplish  dusty  spore  masses 
usually  enwrapped  as  a  somewhat  swollen  body  by  the  perianth ; 
spores  very  pale  violet,  ovoid  to  spherical  or  occasionally  slightly 
irregular,  thick  walled,  ridged  with  very  small  reticulations  (1  p  or 
less  in  diameter),  chiefly  7-10  p  in  length. 

Host :  Oxyria  digyna ,  Calif.,  Wash.;  Greenland. 

As  described  by  European  botanists  the  spores  are  said  to  be 
provided  with  warts  when  in  fact  European  as  well  as  American 
specimens  are  distinctly  reticulated.  The  very  thick  wall  is  due  to 
the  ridges  not  extending  far  beyond  the  circumference,  thus  adding 
their  thickness  to  it.  The  species  is  closely  related  to  Ustilago  vio- 
lacea ,  and  like  it  is  usually  found  in  the  cooler  regions.  The  germi¬ 
nation  has  been  described  by  Brefeld  :  23. 
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Ustilago  violacea  (Pers.)  Fckl. 

Uredo  violacea  Pers.,  Disp.  Metli.  Fung.,  57.  1797. 

Farinaria  Stellariae  Sow.,  Engl.  Fungi,  t  396,  f.  1.  1803. 

Uredo  antherarum  DC.,  FI.  Fr.,  6 :  79.  1815. 

Caeoma  violaceum  Nees,  Syst.  Pilze,  1 :  14.  1817. 

Caeoma  violacea  Mart.,  FI.  Crypt.  Erl.,  315.  1817. 

Caeoma  antherarum  Schl.,  FI.  Ber.,  2  :  130.  1824. 

Ustilago  antherarum  Fr.,  Syst.  Myc.,  3  :  518.  1832. 

Erysibe  antherarum  Wallr.,  FI.  Crypt.  Germ.,  2  :  217.  1833. 

Microbotryum  antherarum  Lev.,  Ann.  Sci.  Nat.,  Bot.,  hi,  8:  372.  1847 

Ustilago  violacea  Fckl.,  Symb.  Myc.,  39.  1869. 

Sori  inconspicuous,  filling  swollen  anthers,  soon  rupturing  and 
disclosing  violet  colored  dusty  mass  of  spores ;  spores  pale  lilac  to 
almost  hyaline,  ovoid  to  spherical,  occasionally  somewhat  irregular, 
with  rather  conspicuous  spore  wall  covered  with  numerous  minute 
reticulations  (1  y  or  less  in  diameter),  chiefly  5. 5-8. 5  y  in  length. 

Hosts:  Arenaria  Groenlandica ,  Me.,  N.  H.,  N.  Y.,  Vt.;  A.  later¬ 
iflora  var.  glabrescens,  Wash.;  Cerastium  maximum ,  Alaska; 
Lychnis  sp.,  Minn. ;  Silene  acaulis ,  1ST.  H. ;  S.  Douglasii  var.  Ma- 
counii ,  Mont.;  S.  multicaulis ,  Wash.;  S.  Tetonensis,  Wyo. ;  S. 
Watsoni,  Calif.,  Wash.;  Stellaria  borealis,  Greenland. 

The  forms  in  this  country  on  the  various  hosts  differ  somewhat 
from  each  other  in  color  and  size  of  spores,  but  these  variations  are 
connected  so  fully  by  intermediate  gradations  as  to  make  specific 
distinctions  impossible.  The  germination  of  this  species  has  been 
described  by  Tulasne,  Brefeld,  Harper,  and  others.  Literature  :  20, 
41,  68,  76. 

Ustilago  violacea  var.  major  Clint. 

Ustilago  violacea  var.  major  Clint.,  Journ.  Myc.,  8:  139.  1902. 

Sori  as  in  species  but  spores  deeper  violet  and  chiefly  7-12  y  in 
length. 

Host:  Silene  Watsoni,  Wash,  (type) . 

European  botanists  seem  inclined  to  keep  Schroter’s  species  of 
Ustilago  major  on  Silene  Otites  distinct  from  Ustilago  violacea. 
The  spores  of  the  variety  described  here  are  much  like  those  of  this 
species,  and  if  the  two  are  the  same  it  seems  doubtful  if  the  Euro¬ 
pean  form  deserves  specific  rank.  This  variety  represents  the 
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extreme  variation  from  U.  violacea  as  found  in  this  country.  Silene 
Watsoni  is  also  a  host  for  the  species.  The  germination  of  the  vari¬ 
ety  lias  not  been  observed.  Brefeld  has  described  that  of  U.  major. 
Literature  :  29,  44. 

Ustilago  Gayophyti  Hark. 

Ustilago  gayophiti  Hark.,  Bull.  Calif.  Acad.  Sci.,  1  :  36.  1884. 

Sori  in  seeds,  upon  dehiscence  of  ovary  showing  as  small  some¬ 
what  dusty  purple  black  masses  ;  spores  rather  dark  purple,  ovoid  or 
ovate  to  spherical,  provided  with  small  reticulations  about  1  p  in 
depth  and  width,  chiefly  12-18  p  in  length. 

Hosts  :  Gayophytum  lasiospermum,  Ore.  ;  G.  ramosissimum , 
Calif,  (type),  Ore. 

The  specimen  of  this  fungus  from  Oregon  in  the  Harvard  crypt  o- 
gamic  herbarium  was  rather  scanty  but  showed  spores  averaging 
smaller  than  that  from  California  on  the  same  host.  This  species 
comes  near  the  Ustilago  group  on  Polygonaceae  which  includes  such 
forms  as  JJ.  Rumicis  and  TJ.  P aviator ei.  The  germination  of  the 
species  is  not  known. 

Ustilago  CalancLriniae  Clint,  n.  sp. 

Sori  in  the  flowers,  enclosed  by  the  floral  envelopes,  about  3  or  4 
mm.  in  diameter,  forming  a  purplish  black  dusty  spore  mass ;  spores 
daik  i eddish  purple,  ovoid  to  subspherical  or  spherical,  regularly  and 
rather  minutely  reticulately  winged  (with  reticulations  about  1.5-2  p 
wide  and  1-2  p  high),  13.5-17  p  in  length. 

Hosts  :  Calandrinia  Breweri ,  Calif,  (type)  ;  C.  Menziesii ,  Calif. 
The  writer  is  indebted  to  Professor  Farlow  for  the  specimens  of 
this  species,  of  which  the  type  was  collected  by  him,  at  Santa  Bar¬ 
bara  in  1886,  and  the  other  by  Harkness.  Apparently  this  is  the 
only  smut  that  has  been  reported  on  a  host  belonging  to  the  Portu- 
lacaceae. 

Ustilago  anomala  Ivze. 

Ustilago  anomala  Ivze.,  Fungi  Sel.  Exs.,  23.  1875. 

Ustilago  pallida  Schrot.,  Apei’9.  Syst.  Ust.,  30.  1877. 

Exsiccati  :  Z  stilago-  anomala  Ivze.,  on  Polygonum  cilinode,  Ell.,  N.  A. 
Fungi,  1094,  Seym.  &  Earle,  Econ.  Fungi,  364  ;  on  Polygonum  Convolvu¬ 
lus,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  63. 
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Sori  in  ovaries  or  essential  organs,  the  infected  parts  often 
remaining  distinct,  2-3  mm.  in  length,  protected  by  the  perianth, 
forming  a  dusty  purplish  spore  mass  ;  spores  light  violet,  chiefly 
ovoid  to  spherical  or  occasionally  somewhat  irregular,  with  rather 
fine  reticulations  (chiefly  1-3  p  wide  by  1  /x  deep),  10-15  /x,  rarely 
17  /jl,  in  length. 

Hosts:  Polygonum  cili?iode,  Me.,  N.  H.,  N.  Y.,Vt. ;  P.  Convol¬ 
vulus ,  Ill.;  P.  dumetorum  var.  scandens,  Conn.,  Ind.,  Mo.,  Vt., 
W.  Va. 

This  species  is  quite  distinct  from  Ustilago  utriculosci  on  Poly¬ 
gonum  lapathifolium  and  P.  Permsylvanicum  but  the  smut  on 
P.  acre  and  some  of  the  other  hosts  seems  to  form  a  somewhat 
intermediate  link  between  the  two  species.  In  general  U.  anomala 
differs  from  XT.  utriculosa  in  having  lighter  colored  more  irregular 
spores  with  finer  reticulations.  Its  germination  has  been  described 
by  Schroter  and  Brefeld.  Literature  :  23. 

Ustilago  utriculosa  (Nees)  Tub 

Caeoma  utriculosum  Nees,  Syst.  Pilze,  1 :  14.  1817. 

Uredo  utriculosa  Duby,  Bot.  Gall.,  2  :  901.  1830.  p.  p. 

Ustilago  utricolorum  Fr.,  Syst.  Myc.,  3  :  519.  1832.  p.  p. 

Erysibe  utriculosa  Wallr.,  FI.  Crypt.  Germ.,  2  :  216.  1833.  p.  p. 

Ustilago  utriculosum  Fr.,  Sum.  Veg.  Scand.,  516.  1846.  [Name  merely.] 

Ustilago  utriculosa  Tul.,  Ann.  Sci.  Nat..  Bot.,  in,  7 :  102.  1847. 

Sporisorium  muricatum  Ces.,  Klotz-Rab.  Herb.  Yiv.  Myc.  Fungi,  1693. 

1852. 

Exsiccati  :  Ustilago  utriculosa  (Nees)  Tul.,  on  Polygonum  Pennsylvani- 
cum,  Ell.,  N.  A.  Fungi,  288,  Shear,  N.  Y.  Fungi,  84,  Seym.  &  Earle,  Econ. 
Fungi,  376  a-b,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  96  ;  on 
Polygonum  acre ,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  94  ; 
on  Polygonum  lapathifolium,  Fungi  Col.,  1798,  Seym.  &  Earle,  Econ.  Fungi 
Clinton  Ust.  Supp.,  C  95;  on  Polygonum  sp.,  Rab.-Wint.-Paz.,  Fungi  Eur., 
3905,  Seym.  &  Earle,  Econ.  Fungi,  376  x,  Ell.  &  Ev.,  Fungi  Col.,  42,  Syd., 
Ust.,  258. 

Sori  in  ovaries  and  probably  in  stamens,  protected  by  floral 
envelopes,  ovate,  about  3-4  mm.  in  length,  forming  a  dusty  purplish 
spore  mass ;  spores  violet,  chiefly  subsplierical  or  spherical,  with 
prominent  winged  reticulations  (2-4  p  wide  by  about  1.5  /x  deep), 
chiefly  9-14  p  in  diameter. 

Hosts  :  Polygonum  acre ,  Ill.,  Ivans.,  Miss. ;  P.  amphibium ,  Ind., 
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Penn.;  P.  aviculare ,  Calif.;  P.  Careyi ,  Me.;  P.  erection,  Miss.; 
P.  Hydropiper,  Ala.,  Conn.,  Ia.  ;  P.  hydropiperoides ,  Conn.,  Miss., 
Vt.,  Wise. ;  P.  lapathifolium,  Conn. ,  D.  C.,  Ill.  ;  P.  lapathifolium , 
var.  incarnation ,  la.,  Ill. ;  P.  Pennsylvanicum ,  Ala.,  Conn.,  Ia. 
Ill.,  Kans.,  Mass.,  Miss.,  Mo.,  Neb.,  N.  H.,  N.  J.,  N.  Y.,  Ohio,  R.  I., 
Vt.,  W.  Va. ;  P.  sagittatum,  N.  Y.  ;  Polygonum  sp.,  Ill.,  Mass., 
Mich.,  Mo.,  N.  Car.,  N.  J.,  R.  I. ;  Mex. 

This  is  one  of  the  most  common  of  the  smuts.  On  Polygonum 
Pennsylvanicum,  and  Polygonum  lapathifolium  the  spores  are 
quite  similar  while  on  some  other  hosts,  especially  those  growing  in 
moist  places,  as  Polygonum  acre,  Polygonum  hydropiperoides  and 
Polygonum  sp.,  (Ell.  &  Ev.,  Fungi  Col.,  42,  Seym.  &  Earle,  Econ. 
Fungi,  376  x,  Syd.,  Ust.,  258)  they  are  somewhat  different  and  in 
some  cases  approach  so  closely  to  TJstilago  anomala  as  to  make  it 
difficult  to  decide  to  which  species  they  belong.  The  germination 
of  the  spores  has  been  described  by  Schroter  and  Brefeld.  Litera¬ 
ture  :  23,  198. 

TJstilago  Rumicis  (Berk.)  Clint,  n.  sp. 

Ustilago  utriculosa  var.  Rumicis  Berk.,  Grev.,  3  :  59.  1874. 

Sori  in  flowers  of  the  inflorescence  and  involving  the  floral  axes 
as  well,  forming  purplish  dusty  spore  masses ;  spores  medium  to 
rather  dark  purple,  chiefly  ovoid  to  spherical,  with  more  or  less 
prominently  winged  reticulations  (chiefly  1  g  deep  by  1-3  g  wide), 
mostly  11-16  g  in  length. 

Host:  Rumex  Acetosella,  S.  Car.  (type);  R.  hastatulus ,  Ala. 

The  South  Carolina  specimen  is  in  the  Curtis  herbarium  at  Har¬ 
vard  university  under  the  name  Ustilago  utriculosa  var.  Ravenelii. 
This  seems  to  have  been  only  an  herbarium  name,  as  no  reference 
to  this  variety  has  been  found  in  literature.  The  only  published 
reference  to  an  American  specimen  on  the  same  host  is  that  in 
Berkeley’s  Notices  of  N.  A.  Fungi,  in  Grevillea,  where  he  names  a 
new  variety,  Ustilago  utriculosa  var.  Rumicis,  and  merely  gives  a 
spore  measurement.  This  probably  has  reference  to  the  South  Car¬ 
olina  specimen.  Ustilago  Kuhneana ,  as  described  by  botanists,  is 
said  to  attack  various  parts  of  the  host  beside  the  flowers,  though 
of  the  eight  European-specimens  examined  in  different  exsiccati  all 
occur  only  in  the  floral  parts.  The  American  specimens,  however, 
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have  the  axis  of  inflorescence  infested  so  that  the  flowers  are 
involved  with  it  in  an  elongated  smutted  body.  This  species  in  its 
spore  characters  is  very  near  Ustilago  Parlatorei.  It  was  reported 
in  the  writer’s  previous  list  as  Ustilago  Kilhneana  Wolff,  but  a 
more  careful  comparison  shows  that  the  spores  have  coarser  and 
more  prominently  winged  reticulations  than  that  species. 

Ustilago  Parlatorei  Fisch.  d.  Waldh. 

Ustilago  Parlatorei  Fiscli.  d.  Waldh.,  Hedw.,  15  :  177.  1876. 

Exsiccati :  Ustilago  Parlatorei  Fisch.  d.  Waldh.,  on  Bumex  Britan- 
nica,  Ell.  &  Ev.,  N.  A.  Fungi,  2701,  Rab.-Wint.-Paz.,  Fungi  Eur.,  4009, 
Syd.,  Ust.,  112. 

Sori  in  stems,  petioles  and  midribs,  often  extensive  and  causing 
more  or  less  distortion  and  swelling  of  infected  parts,  upon  rupture 
of  enclosing  tissues  disclosing  dark  violet  dusty  spore  mass  ;  spores 
violet,  often  with  reddish  tinge,  ovoid  to  chiefly  subspherical  or 
spherical  though  rarely  more  irregular  or  elongated,  with  numerous 
rather  regular  reticulations  (about  2  a  wide  and  1-2  u  deep),  chiefly 
12-16  n  in  length. 

Hosts  :  Unimex  JSritannica ,  Mo.,  Neb.;  U.  Mexicanus ,  Hex. 

The  specimens  of  this  species  issued  in  exsiccati  from  North 
America  differ  slightly  from  the  Fischer  de  Waldheim  specimen  in 
Rab.  Fungi  Eur.,  no.  2291,  the  spores  being  more  regular  and  aver¬ 
aging  somewhat  larger.  The  species  is  very  closely  related  to  the 
preceding,  also  on  Rumex,  the  chief  difference,  apparently,  being  in 
the  parts  infected. 

*  *  *  2  Spores  lilac  to  purple,  smooth  or  granular  to  echinulate. 

Ustilago  Koenigiae  Rostr. 

Ustilago  Koenigiae  Rostr.,  Medd.  om  Greenland,  3  :  532.  1888. 

Sori  on  stems  and  sometimes  on  leaves,  forming  subspherical  to 
linear  pustules,  upon  rupture  disclosing  somewhat  dusty  purplish 
spore  mass  ;  spores  very  light  violet,  irregular,  oblong  to  spherical, 
apparently  smooth  but  under  -an  immersion  lens  showing  very 
minute  oblique  striae,  chiefly  6-9  /x,  most  elongated  rarely  12  //,,  in 
length. 

Host:  Koenigia  Islandica ,  Greenland  (type). 
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The  writer  is  indebted  to  Professor  Rostrup  of  Copenhagen  for  a 
specimen  of  the  type  of  this  smut  which  has  been  reported  only 
from  Greenland.  The  very  minute  oblique  striae  are  rather  pecu¬ 
liar.  The  germination  has  not  been  reported. 

Ustilago  Piperii  Clint,  n.  sp. 

Sori  forming  pustules  on  under  side  of  leaves,  several  mm.  in 
diameter  though  usually  more  or  less  completely  confluent,  often 
confined  to  the  margin,  upon  rupture  of  thin  covering  membrane 
showing  dusty  dark  purple  spore  mass;  spores  reddish  purple,  ovate 
or  ovoid  to  chiefly  subspherical  or  spherical,  occasionally  more 
irregular,  minutely  and  usually  obliquely  striate,  chiefly  7-10  p,  or 
irregular  ones  occasionally  12  p,  in  length. 

Host :  Polygonum  Davisiae ,  Calif. ;  P.  phytolaccaefolium ,  Ida. 
(type) . 

In  the  character  of  the  spores  this  species  approaches  very 
closely  to  Ustilago  Koenigiae ,  the  spores  averaging  slightly  larger, 
while  in  the  character  of  the  sorus  it  is  like  Ustilago  Bistortarum. 
Some  forms  of  this  latter  species  (?  var.  glabra  Kostr.)  also  have 
the  spores  minutely  striate-granular  while  others  are  even  echinu- 
late,  but  the  spores  in  either  case  are  much  larger  than  in  the 
species  described  here.  The  writer  is  indebted  to  C.  Y.  Piper  for 
the  type  specimens  of  this  species. 

Ustilago  Bistortarum  (PC.)  Korn. 

Ur edo  Bistortarum  a  pustulata  DC.,  El.  Fr.,  6:  76.  1815. 

Uredo  Bistortarum  p  marginalis  DC.,  El.  Fr.,  6  :  76.  1815. 

Ur  edo  pteridiformis  Funk,  Crypt.  Grev.,  564.  1819. 

Caeoma  Bistortarum  Lk.,  Sp.  PI.,  6- :  10.  1825. 

Caeoma  mar g inale  Lk.,  Sp.  PI.,  62 :  10.  1825. 

Uredo  marginalis  Rab.,  Ivrypt.  FI.,  1  :  7.  1844. 

Tilletia  bullata  Fckl.,  Symb.  Myc.,  40.  1869. 

Ustilago  Bistortarum  Korn.,  Heclw.,  16  :  88.  Mr.  1877. 

Ustilago  Bistortarum  Sclirot.,  Colm’s  Beitr.  Biol.  Pflanz.,  2  :  356.  1877. 

Also :  Ustilago  Bistortarum  forma  pustulata ,  Ustilago  Bistortarum 
forma  marginalis,  Ustilago  pustulata ,  Ustilago  marginalis ,  of  authors. 

Exsiccati  :  Ustilago  Bistortarum  forma  pustulata  (DC.),  on  Polygo¬ 
num  viviparum,  Rab.-Wint.,  Fungi  Eur.,  3502. 

Sori  in  leaves,  either  in  pustules  2-5  mm.  in  diameter  scattered 
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over  the  surface  or  in  a  continuous  line  closely  following  the  mar¬ 
gin,  purplish,  rupturing  usually  only  on  one  side  of  leaf ;  spores 
light  to  dark  purple,  ovoid  or  ovate  to  spherical,  often  somewhat 
angled,  usually  abundantly  but  minutely  verruculose,  chiefly  13-19  y 
in  length. 

Host:  Polygonum  viviparum ,  Colo.,  Wyo.;  Greenland. 

This  European  species  has  rarely  been  reported  from  North 
America.  There  are  two  forms  —  one  growing  in  pustules  over 
the  leaf  ( pustulata )  and  the  other  in  lines  ( margincilis )  closely  fol¬ 
lowing  the  margin.  There  seems  to  be  no  real  reason  for  consider¬ 
ing  these  distinct  species  as  did  Schroter,  since  they  appear  to 
have  no  difference  in  spore  characters  and  since  some  leaves  contain 
both  forms.  Trelease  (Harriman  Alas.  Exp.,  Crypt.  Bot.,  5  :  35. 
1904)  has  recently  described  a  new  variety,  infloresceyitiae,  said  to 
differ  from  the  species  in  the  smooth  spores  which  occur  in  the 
inflorescence.  Brefeld  has  described  the  germination  :  23. 


Sphacelotheca  DeBy. 


Verg.  Morph.  Biol.  Pilze,  187.  1884. 

(Endothlaspis  Sor.,  Rev.  Myc.,  12:  4.  1890.) 

Type:  Sphacelotheca  Hydropiperis  (Schum.)  DeBy.  ( Uredo  Hydropiperis 

Schum.) 

Host :  Polygonum  Hydropiper.  Eur. 

Sori  usually  in  the  inflorescence,  often  limited  to  the  ovaries,  pro¬ 
vided  with  a  definite  (more  or  less  temporary)  false  membrane  cov¬ 
ering  a  dusty  spore  mass  and  a  central  columella  (usually  chiefly  of 
plant  tissues)  ;  false  membrane  composed  largely  or  entirely  of  defi¬ 
nite  sterile  fungous  cells  which  are  hyaline  or  slightly  tinted,  oblong 
to  spherical,  and  usually  more  or  less  firmly  bound  together;  spores 
simple ,  usually  reddish  brown,  developed  in  a  somewhat  centripetal 
manner  as  in  Cintractia,  small  to  medium  in  size ;  germination  as  in 
Ustilago. 

DeBary  based  this  genus  on  the  single  species  S.  Hydropiperis  / 
recently  the  writer  has  placed  here  a  number  of  additional  sji>ecies 
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ordinarily  included  under  Ustilago.  The  genus  differs  from  Ustilago 
by  the  possession  of  a  definite  false  membrane  composed  chiefly  of 
stei  He  fungous  cells ,  and  there  are,  no  doubt,  a  number  of  species 
that  have  been  described  under  Ustilago  that  more  properly  belong 
heie.  On  the  other  hand,  some  of  the  Ustilagos  often  show  remains 
of  the  gelatinized  fungous  threads  in  the  enveloping  tissues  sur¬ 
rounding  the  sorus.  The  central  columella  of  Sphacelotheca  is  usu¬ 
ally  composed  almost  entirely  of  the  hard  plant  tissues,  though  in 
the  type  species  this  is  also  composed  of  sterile  fungous  cells.  In 
many  of  the  species,  especially  where  the  columella  is  represented 
by  several  strands  of  plant  tissues,  masses  of  these  sterile  cells  are 
also  found  scattered  through  the  sorus.  Sorosporium,  also,  is  often 
provided  with  a  similar  false  membrane ,  but  in  this  genus  the  spores 
aie  united  in  balls,  at  least  when  young.  The  presence  of  a  central 
columella  generally  induces  a  centripetal  development  of  the  spore 
mass,  and  so  some  of  the  species  of  Sphacelotheca,  and  Ustilago 
also,  have  been  improperly  placed  by  some  botanists  under  Cin- 
tractia.  The  species  occur  chiefly  on  the  Gramineae  and  sixteen 
have  been  listed  here.  Sorokin’s  genus,  Endothlaspis,  is  based  on 
a  covering  membrane  of  sterile  cells,  as  shown  by  his  figures  and 
description,  and  so  evidently  belongs  here. 

*  Spores  brownish. 

Sphacelotheca  pamparum  (Speg.)  Clint. 

Ustilago  Setariae  Niessl  ?,  Speg.,  Fung.  Argent.,  pug.  2,  no.  24.  1880. 

Ustilago  pamparum  Speg.,  Fung.  Guar.,  pug.  1 :  49.  1886. 

Ustilago  Kolaczekii  Iviilin,  Rab.-Wint.,  Fungi  Eur.,  3401.  1886. 

Sphacelotheca  pamparum  Clint.,  Journ.  Myc.,  8 :  140.  1902. 

Exsiccati:  Ustilago  pamparum  Speg.,  on  Setaria  sp.,  Syd.,  Ust.,  162. 

Sori  infecting  all  of  the  ovaries  of  the  spike,  extending  between 
the  glumes  as  oblong  bodies  about  3—7  mm.  in  length,  with  evident 
false  membrane  which  ruptures  irregularly  from  apex  into  several 
elongated  lobes  and  discloses  a  somewhat  dusty,  olive  black  spore 
mass  and  an  evident  columella;  cells  of  false  membrane  chiefly  hya¬ 
line,  oblong  to  subspherical,  adhering  together  rather  permanently, 
chiefly  smaller  than  the  spores;  spores  reddish  brown,  ovoid  to 
spherical  but  chiefly  polyhedral  through  pressure,  minutely  verrucu- 
l°se,  9— 12  /x,  rarely  14  g,  in  length. 
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Host:  Setaria  sp.,  Mex. 

Spegazzini  first  mentioned  this  in  his  Fungi  Arg.,  pug.  2,  no.  24, 
under  the  name  of  Ustilago  Setariae  Niessl?  In  his  Fungi  Guar., 
in  1886,  he  recognized  it  as  distinct  from  that  species  and  suggested 
the  name  Ustilago  pamparum ,  and  the  next  year,  in  his  Fung. 
Patag.,  page  26,  he  re-described  it  under  this  name.  The  Mexican 
specimen  was  compared  with  the  South  American  form  and  found 
to  be  the  same.  Apparently  the  germination  of  this  species  has  not 
been  reported. 

Sphacelotheca  diplospora  (Ell.  &  Ev.)  Clint. 

Ustilago  diplospora  Ell.  &  Ev.,  Journ.  Myc.,  6  :  119.  1891. 

Sphacelotheca  diplospora  Clint.,  Journ.  Myc.,  8  :  140.  1902. 

Sori  in  the  ovaries  of  only  part  of  the  spikelets,  rather  inconspicu¬ 
ous,  showing  between  the  spreading  glumes  which  they  rarely  ex¬ 
ceed  in  length,  with  evident  false  membrane  that  soon  ruptures  and 
discloses  olive  black  dusty  spore  mass  ;  false  membrane  easily  sep¬ 
arated  into  hyaline  or  slightly  tinted  generally  subspherical  cells 
which  are  also  somewhat  scattered  in  the  spore  mass  and  are  slightly 
larger  than  the  spores  ;  spores  often  mechanically  adhering  in  irreg¬ 
ular  masses,  reddish  brown,  occasionally  ovoid  but  chiefly  subspheri¬ 
cal  or  polyhedral,  abundantly  but  minutely  verruculose,  8-12  /x  in 
length. 

Hosts:  Panicum  Crus-galli,  Ill.;  P.  sanguinale,  Miss.  (type). 

The  irregular  spore  masses  sometimes  found  give  this  somewhat 
the  aspect  of  a  Sorosporium.  The  spores  are  very  similar  to  those 
of  /S.  pamparum ,  but  the  cells  of  the  false  membrane  and  the  gen¬ 
eral  appearance  of  the  sorus  are  different.  The  sterile  cells  are  evi¬ 
dently  the  second  kind  of  spores  described  by  Ellis  and  Everhart  in 
their  original  description.  This  is  another  species  whose  germina¬ 
tion  has  not  yet  been  described.  Literature  :  181. 

Sphacelotheca  Sorghi  (Lk.)  Clint. 

Sporisorium  Sorghi  Lk.,  Sp.  PL,  62  :  86.  1825. 

Tilletia  Sorghi-vulgaris  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  :  116.  1847. 

Tilletia  Sorghi  Auct. 

Ustilago  Sorghi  Pass.,  Hedw.,  12  :  114.  1873. 

Ustilago  Tulasnei  Kuhn,  Sitz.  Nat.  Ges.  Halle,  1874. 
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Ustilago  condensata  Berk.,  in  litt.,  [Fisch.  de  Waldh.,  Ann.  Sci.  Nat.,  Bot., 
vi,  4  :  199.  1877]. 

Cintractia  Sorghi-vulgaris  Clint.,  Bull.  Ill.  Agr.  Exp.  Sta.,  47  :  404.  1897. 

Sphacelotheca  Sorghi  Clint.,  Journ.  Myc.,  8:  140.  1902. 

Exsiccati :  Cintractia  sorghi  (Lk.),  on  Sorghum  vulgare,  Kell.,  Ohio  Fungi, 
4-7 ;  Sphacelotheca  Sorghi  (Lk.)  Clint.,  on  Sorghum  vulgare,  Seym.  &  Earle, 
Econ.  Fungi  Clinton  Ust.  Supp.,  C  46,  C  47,  C  48  ;  Ustilago  Sorghi ,  on 
Sorghum  vulgare ,  Ell.,  N.  A.  Fungi,  1496,  Ell.  &  Ev.,  Fungi  Col.,  982, 
Seym.  &  Earle,  Econ.  Fungi,  545,  Syd.,  Ust.,  117,  Ell.  &  Ev.,  Fungi  Col., 
1483,  Griff.,  West  Amer.  Fungi,  213. 


Sori  usually  in  the  ovaries  or  the  essential  organs,  forming  oblong 


to  ovate  bodies  3—12  mm.  in  length,  rarely  fusing  the  very  young 
spikelets  into  irregular  forms,  protected  for  some  time  by  false 
membrane  but  upon  rupture  olive  brown  spore  mass  becoming  scat¬ 
tered,  leaving  naked  the  distinct  columella  of  plant  tissues ;  sterile 
cells  of  membrane  breaking  up  somewhat  into  groups,  hyaline,  ob¬ 


long  to  subspherical,  chiefly  7-18  p  in  length;  spores  subspherical 
to  spherical,  smooth,  contents  often  granular,  5.5-8. 5  p  in  diameter. 

Hosts :  Sorghum  Halapense ,  Cuba ;  S.  vulgare  and  vars.,  Ala., 
Calif.,  Conn.,  D.  C.,  Ia.,  Ill.,  Ivans.,  Neb.,  N.  J.,  N.  Y.,  Ohio,  Okl., 
S.  Dak.,  Wise.;  Jamaica,  Ontario. 


This  smut  occurs  on  a  number  of  the  different  varieties  of  Sorghum 
vulgare ,  especially  on  sorghum  and  broom-corn.  Ustilago  cruenta 
Kuhn  is  described  as  occurring  in  the  inflorescence,  pedicles  and  the 
culm  of  this  same  species.  The  form  issued  in  liab.,  Fungi  Eur., 
no.  2594,  as  forma  culmicola  has  a  distinct  appearance,  but  a  speci¬ 
men  in  the  Farlow  herbarium  collected  by  Kuhn  himself,  in  the  in¬ 
florescence  of  the  host  has  the  appearance  of  specimens  of  S.  Sorghi 
the  writer  has  collected,  in  which  the  infection  was  so  severe  that 
the  young  spikelets  were  run  together  into  an  elongated  body. 
The  two  species  are  certainly  very  closely  related.  Cmtractia 
Sorghi  (Sor. )  DeToni  (also  on  Sorghum  sp.  and  possibly  identical 
with  the  species  described  here)  is  described  as  having  larger  spores 
but  has  other  characters  in  common.  While  S.  Sorghi ,  as  shown 
by  the  writer’s  previous  study,  has  a  somewhat  Cintractia-like 
method  of  spore  development,  the  more  natural  position  of  the  spe¬ 
cies  is  evidently  under  Sjdiacelotlieca,  as  the  genus  is  understood  in 
this  paper.  Its  germination  has  been  described  by  Brefeld,  Clinton, 
and  others.  The  specimen  on  S.  Ilalapense  from  Cuba,  collected 
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by  Hoi  way,  has  spores  somewhat  more  variable  in  size  than  is  usual 
on  S.  vulgare  and  they  have  more  of  a  granular  appearance.  On 
this  host,  too,  the  sori  are  often  concealed  by  the  glumes.  Litera¬ 
ture :  23,  26,  27,  97,  104,  109,  129,  143. 

Sphacelotheca  Seymouriana  Clint,  n,  sp. 

Sorosporium  Syntherismae  and  S.  Ellisii ,  Amer.  auct.  p.  p. 

Exsiccati  :  Sorosporium  Ellisii,1  on  Andropogon  Virginicus,  Syd.,  Ust., 
189 ;  Sorosporium  Syntherismae  (S.)  Earl.,1  on  Andropogon  Virginicus, 
Seym.  &  Earle,  Econ.  Fungi,  531. 

I  , 

Sori  in  ovaries  forming  linear  bodies  4-7  mm.,  or  about  the  length, 
of  the  glumes  between  which  they  extend,  rupturing  from  apex 
and  disclosing  distinct  columella  and  somewhat  agglutinate  spore 
mass ;  sterile  cells  hyaline,  with  those  of  the  interior  often  in 
groups,  chiefly  subspherical,  with  those  forming  the  membrane  more 
irregular  and  adhering  more  permanently,  about  the  size  of  the 
spores  ;  spores  light  brown,  often  with  pitted  contents,  apparently 
smooth,  chiefly  subspherical  or  slightly  polyhedral,  occasionally 
ovate  or  ovoid,  7-12  g  in  length. 

Hosts:  Andropogon  Virginicus ,  Ala.  (type);  Andropogon  sp., 
(4a.  . 

When  the  writer  first  examined  the  exsiccati  specimens  of  this 
species  from  Alabama  he  was  in  doubt  as  to  its  identity  and  tempo¬ 
rarily  placed  it  under  Sorosporium  Ecerhartii  thinking  it  might  be 
that  species  with  the  spore  balls  dissolved,  as  the  sori  of  the  two  are 
similar.  Since  then  he  has  collected  both  at  the  same  time  in 
Georgia,  and  although  the  specimens  of  the  species  described  here 
were  in  a  young  condition  they  showed  no  signs  of  true  spore  balls. 
The  species  approaches  closely  to  Sphacelotheca  monilifera  in  the 
type  of  its  sorus  but  differs  in  having  smooth  spores.  It  is  also 
closely  related  to  Sphacelotheca  Ischaemi  but  has  larger  spores 
and  the  smaller  sorus  is  confined  to  the  ovaries.  It  has  not  been 
germinated. 

Sphacelotheca  Chrysopogonis  Clint,  n.  sp. 

Sori  usually  in  all  the  ovaries  of  the  panicle,  linear  oblong,  about 
3-5  mm.  in  length,  showing  between  the  spreading  glumes,  with 

1  These  are  the  same  collection  issued  under  different  names  in  the  two 
exsiccati. 
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sterile  membrane  as  well  as  the  semi-agglutinated  black  brown  spore 
mass  gradually  wearing  away  leaving  behind  the  small  but  evident 
columella ;  sterile  cells  hyaline,  often  separating  into  groups,  sub- 
spherical,  averaging  slightly  larger  than  the  spores  ;  spores  reddish 
brown,  ovoid  to  chiefly  subspherical  occasionally  angled,  often  with 
punctate  contents,  apparently  smooth  but  really  obscurely  verrucu- 
lose,  chiefly  8-11  g  in  length. 

Host:  Chrysopogon  nutans ,  Mex.,  Chapala  (type). 

This  species  was  collected  by  Holway  the  past  season  in  Mexico 
and  seems  to  merit  distinct  specific  rank  as  it  does  not  agree  with 
S.  Sorghi  or  S.  monilifera  between  which  it  stands.  It  has  a  less 
robust  sorus  and  larger  spores  than  the  former  species  and  from  the 
latter  is  distinguished  by  the  smaller,  less  plainly  verruculose  spores 
which  also  seem  to  be  lighter  colored.  It  comes  closest  to  this 
species.  The  germination  is  not  known. 

Sphacelotheca  monilifera  (Ell.  &  Ev.)  Clint. 

Ustilago  monilifera  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  22  :  362.  1895. 

Ustilago  Andropogonis-contorti  P.  Henn.,  in  Herb.  Holway,  see  Journ. 

Myc.,  8:141.  1902. 

Sphacelotheca  monilifera  Clint.,  Journ.  Myc.,  8:  141.  1902. 

Exsiccati  :  Ustilago  monilifera  Ell.  &  Ev.,  on  Andropogon  contortus 

Griff.,  West  Amer.  Fungi,  215. 

Sori  in  ovaries  of  the  spikelets,  elongated,  4—7  mm.  or  about  the 
length  of  the  glumes  and  often  completely  concealed  by  them,  with 
evident  false  membrane  that  ruptures  into  irregular  lobes  and  dis¬ 
closes  brown  black  spore  mass,  with  evident  columella ;  cells  of  false 
membrane  adhering  rather  permanently,  with  those  of  the  interior 
in  loose  subspherical  groups,  hyaline  or  slightly  tinted,  chiefly  sub- 
spherical,  about  the  diameter  of  the  spores  ;  spores  reddish  brown, 
chiefly  ovoid  to  spherical  or  somewhat  angled,  rather  minutely  ver¬ 
ruculose  or  echinulate,  9—13  y  in  length. 

Hosts  :  Andropogon  contortus ,  Ariz.  (type),  Mex.  (type  If.  An¬ 
dropogonis-contorti ),  Hawaiian  Ids. 

On  this  same  host  occur  specimens  that  infest  the  entire  inflores¬ 
cence.  these  have  been  placed  here  under  Sphacelotheca  Ischaerni 
and  they  form  almost  connecting  links  between  these  two  species. 
The  germination  of  this  species  has  not  been  reported. 
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Sphacelotheca  occidentalis  (Seym.)  Clint. 

t 

Sorosporium  Ellisii  var.  occidentalis  Seym.,  Ell.  &  Ev.,  N.  A.  Fungi, 
2265.  F.  1889. 

Ustilago  andropogonis  Kell.  &  Sw.,  Journ.  Myc.,  5 :  12-13.  Mr.  1889. 
Sphacelotheca  occidentalis  Clint.,  Journ.  Myc.,  8  :  141.  1902. 

Exsiccati  :  Sorosporium  Ellisii  var.  occidentalis  Seym.,  on  Andropogon 
furcatus,  Ell.  &  Ev.,  N.  A.  Fungi,  2265 ;  Ustilago  Andropogonis  Kell.  &  Sw., 
on  Andropogon  provincialis,  Ell.  &  Ev.,  N.  A.  Fungi,  2422,  Ell.  &  Ev., 
Fungi  Col.,  538. 

Sori  in  the  ovaries  linear,  usually  J-l  cm.  or  rarely  longer,  with 
prominent  false  membrane  dehiscing  from  apex,  rather  prominent 
columella  and  agglutinate  or  finally  dusty,  black  brown  spore  mass ; 
sterile  cells  of  membrane  hyaline,  variable  in  shape  and  size, 
adhering  together  rather  firmly,  often  somewhat  obscured  through 
semi-gelatinization  but  the  loose  groups  of  the  interior  composed  of 
more  regular  subspherical  cells ;  spores  often  adhering  together 
mechanically  but  not  in  spore  balls,  reddish  brown,  ovoid  to  spheri¬ 
cal,  usually  somewhat  angled,  often  more  elongated  and  irregular, 
verruculose,  chiefly  12-17  p,  irregular  elongated  forms  sometimes 
even  20  p,  in  length. 

Hosts:  Andropogon  furcatus ,  Ivans,  (type  U.  andropogonis ), 
N.  Dak.  (type),  Neb.  ;  A.  Hallii ,  Ivans,  (type  TJ.  andropogonis), 
Neb. ;  A.  Hallii  var.  faveolus,  Ill.  (cult.) ;  A.  macrourus ,  Calif. 

This  species  is  closely  related  to  Sorosporium  Ellisii  but  the' sori 
•  occur  in  the  ovaries  and  the  spores  do  not  adhere  in  definite  spore 
balls.  The  specimen  listed  on  Andropogon  macrourus  differs 
somewhat  from  those  on  the  other  hosts  in  having  more  irregular 
and  elongated  spores.  Norton  reports  the  germination  of  the  spores 
in  nutrient  solution  but  they  merely  sent  out  short  germ  tubes  in 
his  tests. 

Sphacelotheca  Nealii  (Ell.  &  And.)  Clint,  n.  nom. 

Ustilago  Nealii  Ell.  &  And.,  Journ.  Myc.,  6  :  116-117.  1891. 

Sori  in  the  ovaries  or  spikelets,  £-2  cm.  in  length,  oblong  to 
ovate,  often  forming  conspicuous  nodules  at  basal  part  of  spike, 
with  evident  tough  whitish  false  membrane  rupturing  from  apex 
and  disclosing  a  black  brown  semi-agglutinated  spore  mass  and  a 
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more  or  less  evident  columella  ;  sterile  cells  hyaline,  often  adhering 
in  groups,  usually  subspherical  and  larger  than  spores ;  spores  red¬ 
dish  brown,  ovoid  to  chiefly  subspherical,  often  angular,  usually 
smooth,  chiefly  7—1 1  /a  in  length. 

Host :  Heteropogon  melanocarpus  (II.  acuminatus) ,  Fla.  (type) ; 
Mex.  (Chapala  and  Guadalajara). 

Through  the  kindness  of  Prof.  F.  S.  Earle  the  type  of  this  has 
been  examined.  The  Mexican  specimens,  collected  the  past  fall  by 
Mr.  E.  W.  D.  Holway,  agree  very  well  with  the  type.  Specimens 
from  Florida  are  in  some  collections,  apparently  under  the  herbarium 
name  Ustilago  Floridana  Ell.  &  Ev.  The  species  unquestionably 
belongs  under  Sphacelotheca,  as  placed  here.  The  sori  are  often 
very  conspicuous  and  Ellis  in  his  description  says  :  “  The  lower 
lateral  solitary  spikelets  when  attacked  are  changed  into  irregular 
roundish  knots  or  nodules  as  large  as  a  medium  sized  pea.”  In 
other  cases  the  sori  are  comparatively  inconspicuous. 

Sphacelotheca  Xschaemi  (Fckl.)  Clint. 

JJstilago  Ischaemi  Eckl.,  Enum,  Fung.  Nass.,  22.  1861. 

Ustilago  cylindrica  Pk.,  Bot.  Gaz.,  7  :  55.  1882. 

Cintro,ctia  Ischaemi  Syd.,  Oesterr.  Bot.  Zeitsch.,  51  :  12.  1901. 

Sphacelotheca  Ischaemi  Clint.,  Journ.  Myc.,  8  :  140.  1902. 

Exsiccati  :  Sphacelotheca  Ischaemi  (Fckl.)  Clint.,  on  Andropogon  scopa- 
rius,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  44,  on  Andropogon 
furcatus ,  Fungi  Col.,  1783  ;  Ustilago  cylindrica  Pk.,  on  Andropogon  Torrey- 
anus,  Griff.,  West  Amer.  Fungi,  216,  216a. 

Sori  often  involving  entire  inflorescence,  linear,  usually  enclosed 
by  leaf  sheaths,  about  10—30  mm.  in  length  by  1—3  mm.  wide,  with 
false  membrane  soon  rupturing  and  black  brown  spore  mass 
becoming  scattered,  eventually  leaving  behind  the  naked  columella ; 
sterile  cells  besides  forming  false  membrane  also  scattered  through 
spore  mass  in  subspherical  groups  25-40  /x  in  diameter,  the  individ¬ 
ual  cells  being  hyaline,  subspherical,  flattened  where  in  contact, 
7-18  g  in  diameter  ;  spores  usually  ovoid  to  spherical,  smooth  or 
sometimes  very  minutely  granular,  7-10  /x  in  length. 

Hosts  :  Andropogon  contortus,  Ariz.,  Mex.  ;  A.  furcatus ,  Ivans. ; 
A.  saccharoides ,  Mex. ;  A.  scoparius,  Ill. ;  A.  Torreyanus ,  Ariz., 
Tex.;  Andropogon  sp0  Ariz.  (type  U.  cylindrica'). 

This  species  is  very  closely  related  to  Sphacelotheca  Andropo- 
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gonis-hirtifolii.  In  fact  some  of  the  specimens  here  reported  from 
Mexico  have  spores  almost  as  distinctly  minutely  verruculose  as 
that  species  has  but  the  spores  are  smaller.  Sphacelotheca  Paspali- 
notati  is  also  very  closely  related.  Ustilago  cylindrica  Pk.  does 
not  seem  to  be  distinct.  Brefeld  has  described  the  germination  of 
the  spores.  Literature  :  20,  47,  175,  198. 

Sphacelotheca  Paspali-notati  (P.  Henn.)  Clint. 

Ustilago  Paspali-notati  R.  Henn.,  in  Herb.  Holway,  see  Journ.  Myc.,  8  : 

140.  1902. 

Sphacelotheca  Paspali-notati  Clint.,  Journ.  Myc.,  8:  140.  1902. 

Sori  in  the  inflorescence,  linear,  about  4-6  cm.  in  length,  with 
evident  false  membrane  gradually  flaking  away  from  apex  and 
exposing  reddish  brown  dusty  spore  mass  surrounding  evident 
often  forked  columella ;  sterile  cells  hyaline,  with  those  of  the 
membrane  adhering  rather  firmly,  with  loose  ones  in  roundish 
clusters,  usually  larger  than  the  spores  ;  spores  light  reddish  brown, 
ovoid  to  spherical  or  slightly  angled,  apparently  smooth  but  very 
minutely  verruculose,  7-10  p  in  length. 

Host:  Paspalum  notatum ,  Mex.,  Guadalajara  (type). 

This  species  is  very  near  Sphacelotheca  Ischaemi ,  in  fact  it  is 
scarcely  to  be  distinguished  from  the  verruculose  forms  of  that 
species  though  it  has  a  more  luxuriant  sorus  and  a  different  host. 
Its  germination  is  not  known. 

Sphacelotheca  Andropogonis-hirtifolii  (P.  Henn.)  Clint. 

Ustilago  Andropoginis  hirtefolii  P.  Henn.,  Bot.  Gaz.,  28  :  274.  1899. 

Ustilago  Andropogonis-saccharoidis  P.  Henn.,  Syd.  Ust.,  251.  1901. 

Sphacelotheca  Andropogonis-hirtifolii,  Clint.,  Journ.  Myc.,  8  :  141.  1902. 

Exsiccati  :  Ustilago  Andropogonis-hirtifolii ,  on  Andropogon  hirtifolium 

var.  pubiforium,  Syd.,  Ust.,  201 ;  Ustilago  Andropogonis-saccharoidis,  on 

Andropogon  saccharoides ,  Syd.,  Ust.,  251. 

Sori  involving  the  entire  inflorescence,  elongated,  usually  5-9  cm. 
in  length  (rarely  in  the  individual  spikelets  and  then  shorter) ,  at 
first  enveloped  by  the  leaf  sheath,  with  prominent  false  membrane 
that  gradually  flakes  away  disclosing  the  at  first  agglutinated  but 
finally  dusty  olive  black  spore  mass,  with  prominent  often  forked 
columella ;  sterile  cells  hyaline,  with  those  of  membrane  adhering 


392  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


together  rather  firmly  and  those  of  interior  in  groups,  chiefly  sub- 
spherical,  smaller  to  larger  than  the  spores  ;  spores  reddish  brown, 
ovoid  to  chiefly  subspherical  or  spherical,  sometimes  angled,  often 
apparently  smooth  but  really  very  minutely  verruculose,  9-13  p.  in 
length. 

Hosts:  Andropogon  hirtifolius  var.  pubi florus,  Mex.  (type); 
A.  saccharoides,  Ariz.,  Mex.  (type  IT.  Andropogonis-saccharoidis). 

This  species  differs  from  Sphacelotheca  Ischaemi ,  to  which  it  is 
very  closely  related,  in  the  somewhat  larger  spores  which  are  always 
very  minutely  verruculose.  Ustilago  Andropogonis-saccharoidis 
does  not  seem  to  merit  specific  distinction  and  so  has  been  placed 
by  the  writer  with  this  species.  The  only  apparent  difference  is 
that  being  on  a  different  host  it  sometimes  develops  a  more  promi¬ 
nent  sorus.  This  species  has  not  been  germinated. 

Sphacelotheca  Montaniensis  (Ell.  &  Holw.)  Clint. 

Ustilago  Montaniensis  Ell.  &  Holw.,1  Ell.  &  Ev.,  N.  A.  Fungi,  2263.  1889. 

Sphacelotheca  Montaniensis  Clint.,  Journ.  Myc.,  8 :  141.  1902. 

Exsiccati  :  Ustilago  Montaniensis  Ell.  &  Holw.,  on  Muhlenbergia  sp. 

Ell.  &  Ev.,  N.  A.  Fungi,  2263. 

Sori  in  the  inflorescence  (more  rarely  in  the  individual  spikelets 
and  then  smaller),  usually  enveloped  by  the  leaves,  elongated, 
chiefly  10-15  mm.  in  length,  protected  by  evident  whitish  false 
membrane,  with  small  flattened  columella ;  sterile  cells  of  mem¬ 
brane  and  interior  hyaline,  thick-walled,  chiefly  subspherical,  adher¬ 
ing  in  irregular  groups  that  are  easily  separated  into  individual  cells, 
usually  smaller  than  the  spores ;  spores  dark  reddish  brown,  chiefly 
ovoid  to  subspherical,  echinulate  (sometimes  rather  bluntly),  12-15  p 
in  length. 

Hosts :  Muhlenbergia  glomerata ,  Mont.;  M.  glomerata  var. 

setiformis ,  Mont.;  Muhlenbergia  sp.,  Mont.  (type). 

In  the  exsiccati  this  species  was  issued  with  Ellis  and  Holway  as 
the  authority,  but  in  the  later  printed  description,  apparently 
through  oversight,  Ellis  and  Everhart  is  the  authority  given.  This 
species  has  not  been  germinated. 

Sphacelotheca  strangulans  (Issat.)  Clint,  n.  nom. 

Ustilago  strangulans  Issat.,  Par.  Pilze  Gouv.  Cherson,  225.  1896. 

1  Described  in  Journ.  Myc.,  6:  119.  1891. 
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Sori  in  the  inflorescence  forming  lanceolate  to  linear  bodies  about 
8-15  mm.  in  length,  often  concealed  by  the  leaf  sheaths,  covered 
b}^  a  conspicuous  whitish  false  membrane,  sometimes  with  abortive 
remains  of  spikelets  at  the  tip,  upon  rupture  disclosing  olive  black 
dusty  spore  mass  within  which  is  a  conspicuous  columella ;  sterile 
cells  of  membrane  easily  separated  into  single,  twin,  or  a  chain  of 
several  cells,  hyaline,  ovoid  to  subspherical,  chiefly  smaller  than 
the  spores  ;  spores  dark  reddish  brown,  ovoid  to  chiefly  subspherical 
or  spherical,  conspicuously  verruculose,  about  12-14.5  /x  in  length. 

Host:  JEragrostis  Neo-Mexicana ,  Ariz.  (type  S.  strangulans). 

The  single  collection  of  this  species  in  America  was  made  by 
Griffiths  in  the  Santa  Rita  Mountains.  The  specimens  show  the 
Sphacelotheca  type  of  structure  very  plainly.  This  was  not  shown 
so  evidently  in  the  meager  specimen  examined  of  the  type  of 
Ustilago  strangulans ,  though  there  is  apparently  no  reason  for 
considering  them  distinct.  Literature:  74. 

Sphacelotheca  Reiliana  (Kuhn)  Clint. 

TJstilago  Reiliana  Kuhn,  Rab.  Fungi  Eur.,  1998.  1875. 

Ustilago  Reiliana  forma  Zeae  Pass.,  Boll.  Com.  Agr.  Parrn.,  1876.  1876. 

Ustilago  pulveracea  Cke.,  Grev.,  4:  115.  1876. 

Cintractia  Reiliana  Clint.,  Bull.  Ill.  Agr.  Exp.  Sta.,  57  :  346.  1900. 

Ustilago  ( Cintractia )  reiliana  forma  foliicola  Kell.,  Ohio  S.  U.  Nat.,  1  : 

1900. 

Sphacelotheca  Reiliana  Clint.,  Journ.  Myc.,  8  :  141.  1902. 

Exsiccati :  Sphacelotheca  Reiliana  (Kuhn)  Clint.,  on  Sorghum  vulgare , 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C45;  Ustilago  Reiliana 

Kuhn,  on  Sorghum  vulgare,  Ell.  &  Ev.,  N.  A.  Fungi,  3564,  Seym.  &  Earle, 

Econ.  Fungi,  547. 

Sori  very  prominent,  forming  irregular  masses  including  more  or 
less  of  the  entire  panicle,  usually  5—15  cm.  in  length,  often  at  first 
protected  by  leaf  sheath,  with  evident  whitish  false  membrane 
enclosing  the  black  brown  spore  mass  and  ray-like  remains  of  the 
peduncles  or  columellas,  in  time  becoming  ruptured  and  spores  scat¬ 
tered  ;  sterile  cells,  besides  forming  membrane,  scattered  in  usually 
subspherical  groups  through  the  spore  mass,  chiefly  subspherical, 
7-15  fx  in  diameter  ;  spores  somewhat  opaque,  chiefly  subspherical 
to  spherical  or  occasionally  ovoid  or  slightly  angled,  minutely  but 
abundantly  verruculose,  9-14  g  in  length. 

Hosts:  Sorghum  vulgare ,  la.,  Ill.,  Kans.,  Minn.,  Miss.,  Neb., 
N.  J.,  Ohio,  Tex.;  Zea  Mays ,  Ivans.,  Ohio. 
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This  is  one  of  our  most  conspicuous  but  rather  uncommon  smuts. 
It  has  been  introduced  into  this  country,  probably  from  Europe. 
Brefeld  and  Norton  have  described  its  germination.  In  one  of  his 
infection  experiments  Kellerman  also  got  this  developing  on  the 
leaves  of  corn,  hence  his  form  foliicola.  Literature  :  20,  27,  85,  97, 
109,  127,  129. 

*  *  Spores  purplish. 

Sphacelotheca  Hydropiperis  (Schum.)  DeBy. 

Uredo  Hydropiperis  Schum.,  Enum.  PI.  Saell.,  2  :  234.  1803. 

Uredo  bistortarum  y  Ustilaginea  DC.,  El.  Fi\,  6  :  76.  1815.  p.  p. 

Caeoma  utriculosa  Lk.,  Sp.  PL,  62 :  9.  1825.  p.  p. 

Erysibe  utriculosa  Wallr.,  FI.  Crypt.  Germ.,  2:  216.  1833.  p.p. 

Ustilago  Candollei  Tul.,  Ann.  Sci.  Nat.,  Bot.,  iii,  7  :  93.  1847. 

Ustilago  Hydropiperis  Schrot.,  Colin’s  Beitr.  Biol.  Pflanz.,  2  :  355.  1877. 

Sphacelotheca  Hydropiperis  DeBy.,  Yerg.  Morph.  Biol.  Pilze,  187.  1884. 

Exsiccati  :  Sphacelotheca  Hydropiperis  (Schum.)  DeBy.,  on  Polygonum 
acre ,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  41,  on  Polygonum 
sagittatum,  Shear,  N.  Y.  Fungi,  85,  Seym.  &  Earle,  Econ.  Fungi  Clinton 
Ust.  Supp.,  C  42,  C  43,  on  Polygonum  viviparum,  Griff.,  West  Amer.  Fungi, 
223  ;  Ustilago  Candollei  Tul.,  on  Polygonum  Hydropiper ,  Ell.  &  Ev.,  N.  A. 
Fungi,  289,  on  Polygonum  sagittatum,  Thlim.,  Myc.  Uni.,  1018,  Ell.  & 
Ev.,  Fungi  Col.,  543  ;  Ustilago  Hydropiperis  (Schum.),  on  Polygonum  sag¬ 
ittatum,  Ell.  &  Ev.,  N.  A.  Fungi,  2261,  Ell.  &  Ev.,  Fungi  Col.,  336. 

Sori  in  ovaries,  forming  oblong  or  ovate  bodies  about  3-5  mm.  in 
length,  protected  by  floral  envelopes  at  base,  with  false  membrane 
dehiscing  at  apex,  revealing  purple  black  spore  mass  and  more  or 
less  evident  columella;  sterile  cells  besides  forming  membrane  also 
constitute  part  of  the  columella,  spore-like  (often  probably  imma¬ 
ture  spores)  hyaline  or  occasionally  violet  tinted,  easily  separating 
into  individual  cells,  chiefly  subspherical,  6-17  g ;  spores  purplish, 
broadly  oblong  or  ovate  but  chiefly  subspherical,  very  minutely  but 
abundantly  verruculose,  mostly  10-17  g  in  length. 

Hosts :  Polygonum  acre,  Ill.,  Mass.;  P.  Ilydropiper ,  Neb.,  R.  I.; 
?  P.  Persicaria ,  N.  Y.;  P.  sagittatum ,  Conn.,  la.,  Ill.,  Mass.,  Me., 
N.  Y.,  Vt.,  W.  Va.;  P.  viviparum ,  Wyo.,  Greenland;  Polygonum 
sp.,  Mo. 

DeBary  made  this  species  the  type  of  the  genus.  It  differs  from 
the  other  species  incladed  here  in  having  the  columella,  as  well  as 
the  false  membrane,  largely  made  up  of  sterile  fungous  cells.  The 
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spores  of  the  species  look  very  much  like  those  of  JJstilago  Bistor- 
tcirum.  The  germination  has  been  described  by  Schroter  and 
Brefeld.  Literature  :  23,  46. 

Sphacelotheca  Hydropiperis  var.  borealis  Clint,  n.  var. 

Sorus  very  similar  to  that  of  the  species  with  perhaps  the  false 
membrane  not  so  prominent  and  with  the  columella  more  robust ; 
sterile  cells  hyaline  or  slightly  tinted,  subspherical,  thick  walled, 
chiefly  slightly  larger  than  the  spores  ;  spores  violet  purple,  ovoid  to 
spherical  or  occasionally  more  irregular,  often  apparently  smooth 
but  really  minutely  granular,  chiefly  8-11  /x  in  length. 

Host:  Polygonum  bistortoides ,  Wash,  (type),  Wyo. 

The  writer  is  indebted  to  Professor  Piper  for  the  specimens  upon 
which  this  variety  is  based.  These  were  collected  on  Mt.  Rainier. 
The  specimen  from  Wyoming  was  not  seen.  The  variety  differs 
from  the  species  chiefly  in  the  smaller  and  lighter  colored  spores. 
The  species  has  been  reported  in  Europe  on  Polygonum  Bistorta 
(which  is  considered  by  some  botanists  the  same  as  P.  bistortoides ) 
but  specimens  on  this  host  have  not  been  available  to  determine  if 
they  were  the  same  or  not  as  the  variety  described  here. 

Melanopsichium  Beck. 

Ann.  K.  K.  Natur.  Hofmus.  Wien,  9:  122.  1894. 

Type:  Melanopsichium  Austro -Americanum  (Speg.)  Beck. 1 

Host :  Polygonum  sp.  Mo. 

Sori  on  various  parts  of  the  host,  forming  dark  colored,  hard, 
firmly  agglutinated  and  conspicuous  spore  masses  /  spores  simple, 
developed  in  irregular  chambers  or  groups  ar  ising  from  a  mixture  of 
plant  tissue  and  fungous  threads ,  thus  giving  a  tubercular  character 
to  the  sorus,  enveloped  by  a  more  or  less  permanent  gelatinous 
envelope,  discharging  from  spore  mass  by  absorption  of  water,  of 
medium  size;  germination  as  in  Ustilago. 

This  genus,  so  far,  contains  only  a  single  species,  formerly 

1  Based  on  Ustilago  Austro-Americana  Speg.  issued  in  Rab.  Fungi  Eur.,  no. 
3501.  The  original  type  of  U.  Austro-Americana  was  described  from  South 
America. 
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placed  under  Ustilago.  The  spores  closely  resemble  those  of  that 
genus  while  the  hard  agglutinated  sorus  relates  it  to  Cintractia. 
The  spores  are  evidently  discharged  by  the  absorption  of  water,  the 
consequent  gelatinization  and  swelling  of  the  fungous  threads  and 
spore  membrane  oosing  the  ripe  spores  out  on  the  surface  of  the 
sorus.  Upon  drying  the  sorus  is  thus  covered  with  a  black  coating 
of  spores  that  gradually  wears  off.  The  manner  of  development  of 
the  spores  in  the  so  called  chambers  whose  walls  are  formed  by  a 
mixture  of  the  mycelium  and  the  plant  tissues  needs  further  study, 
as  Beck  had  only  ordinary  dried  material  to  examine. 

Melanopsichium  Austro-Americanum  (Speg.)  Beck. 

Ustilago  austro-americana  Speg.,  Fung.  Argent.,  pug.  4,  n.  45.  1881. 

Melanopsichium  austro-americanum  Beck,  Ann.  K.  Iv.  Natur.  Hofmus. 

Wien,  9  :  122.  1894. 

Exsiccati :  Melanopsichium  Austro-Americanum  (Speg.)  Beck,  on  Poly¬ 
gonum  lapathifolium,  Seym.  &  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.,  C  35 ; 
Ustilago  Austro- Americana  Speg.,  on  Polygonum  incarnatum,  Rab.-Wint., 
Fungi  Eur.,  3501,  Ell.  &  Ev.,  N.  A.  Fungi,  2262,  on  Polygonum  lapathi- 
folium ,  Seym  &  Earle,  Econ.  Fungi,  372,  on  Polygonum  (?)  Virginianum , 
Roum.,  Fungi  Sel.,  4416,  Syd.,  Ust.,  101. 

Sori  chiefly  in  the  inflorescence,  forming  more  or  less  irregularly 
lobed  masses  arising  from  the  fusion  of  the  infected  parts,  less  com¬ 
monly  on  the  leaves  and  then  smaller,  usually  prominent,  2  or  3 
mm.  to  2  cm.  in  length,  internally  sometvhat  nodular  or  tubercular, 
forming  a  hard,  firmly  agglutinated,  black  spore  mass  mixed  with 
plant  tissues ;  spores  oblong  to  chiefly  subspherical,  often  somewhat 
irregular,  with  more  or  less  evident  gelatinous  envelope,  usually 
rather  prominently  echinulate,  chiefly  10-14  g,  most  elongated  rarely 
17  /a,  in  length. 

Hosts  :  Polygonum  aviculare,  Calif.;  P.  Hydropiper ,  D.  C.,  Mo-; 
P.  lapathifolium ,  Calif.,  Ill.;  P.  lapathifolium  var.  incarnatum ,  la., 
Ill.,  Mo.;  P.  Pennsylvanicum ,  Ill.,  Ivans.,  Mo.,  1ST.  J.,  N.  Y.;  P. 
?  Virginianum ,  Mo.;  Polygonum  sp.,  D.  C.,  Ia.,  Mo.  (type  31.  austro- 
americanum),  N.  J.,  Tex. 

This  was  first  described  from  South  America  where  it  apparently 
grows  more  commonly  on  the  leaves  than  it  does  here.  The  writer 
has  not  seen  specimen§  from  there  but  sent  a  specimen  to  Spegazzini 
who  pronounced  it  the  same  as  his  species.  In  this  country  the 
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smut  appears  to  be  most  common  in  the  Mississippi  valley.  It  has 
a  number  of  characters,  e.  g.,  the  hygrophilous  manner  of  shedding 
its  spores  and  the  gelatinous  spore  envelope,  that  relate  it  to  Cin¬ 
tractia  externa.  The  germination  has  been  reported  by  Norton. 
Literature:  12,  129. 


Cintractia  Cornu. 

Ann.  Sci.  Nat.,  Bot.,  vi,  15:  279.  1883. 

( Anthracoidea  Bref.,  Unters.  Gesamint.  Myk.,  12:  144.  1895.) 

Type :  Cintractia  axicola  (Berk.)  Cornu. 

Host :  Cyperus  sp.1  N.  Amer. 

Sori  on  various  parts  of  the  host,  often  in  the  ovaries,  forming  a 
black  usually  rather  firmly  agglutinated  spore  mass  /  spores  simple , 
usually  of  medium  or  large  size  and  of  reddish  black  color,  formed 
in  a  centripetal  manner  from  a  fertile  stroma  usually  surrounding  a 
central  columella  of  plant  tissues,  often  freed  from  sorus  by  absorp¬ 
tion  of  water;  germination  apparently  of  a  modified  Ustilago  type. 

Cintractia  has  been  considered  by  some  botanists  as  not  distinct 
from  Ustilago.  Brefeld’s  Anthracoidea  is  based  on  a  peculiarity  of 
germination  of  the  two  species,  (7.  Caricis  and  (7.  subinclusa,  the  pro¬ 
mycelium  at  first  having  two  cells,  each  of  which  is  provided  with  a 
sort  of  sterigmatum  from  which  the  sporidia  are  developed.  The 
germination  of  very  few  species  of  Cintractia  is  known,  but  that  of 
C.  Junci  is  not  of  this  type.  It  does  not  seem  proper  to  the  writer 
to  consider  Anthracoidea  distinct  from  Cintractia,  since  the  above 
two  species  are  very  similar  to  the  other  species  included  here.  The 
species  of  Cintractia  usually  have  a  firmly  agglutinated  sorus  and 
develop  the  spores  centripetally  from  a  fertile  stroma.  The  spores 
have  a  peculiar,  usually  reddish  black  color,  by  which  they  can  be 
partially  distinguished.  Certain  species  of  Ustilago,  as  JJ.  Crus - 
galli ,  and  of  Sphacelotheca,  as  S.  Sorghi ,  have  been  placed  under 
this  genus  because  of  a  very  similar  method  of  spore  development, 
but  they  are  easily  distinguished  by  the  character  of  their  spores 
and  of  the  sorus.  The  Cintractias  occur  almost  entirely  on  the 
Cyperaceae.  Saccardo  gives  17  species,  not  all  of  which,  however, 
belong  here  ;  13  species  and  1  variety  are  described  in  this  paper. 

2It  is  probable  that  this  was  really  Fimbristylis. 
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Cintractia  Taubertiana  (P.  Henn.)  Clint. 

Ustilago  Taubertiana  P.  Henn.,  Engl.  Bot.  Jahrb.,  17  :  525.  1893. 

Cintractia  Taubertiana  Clint.,  Journ.  Myc.,  8:  142.  1902. 

Similar  to  C.  Montagnei  except  spores  medium  to  light  brown, 
usually  angular,  lateral  wings  apparently  entirely  lacking,  usually 
8-13  /jl  in  length. 

Hosts  :  Rhyn ch ospora  alba ,  Mass.,  N.  J. ;  R.  cephalantha ,  Miss. ; 
R.  fascicularis ,  Fla.  ;  R.  inexpansa ,  S.  Car. ;  Rhynchospora  sp.  ?, 
Tex. 

In  looking  over  the  specimens  of  Rliynchospora  in  the  Gray 
herbarium  for'smuts,  the  writer  found  a  number  of  specimens  that 
in  the  smaller  lighter  colored  spores  were  quite  distinct  from 
Cintractia  Montagnei.  These  correspond  closely  with  specimens 
of  Ustilago  Taubertiana  P.  Henn.  issued  by  Uie  from  Brazil  and  so 
have  been  placed  here  under  that  species.  This  smut  has  not  been 
germinated. 

Cintractia  Montagnei  (Tul.)  Magn. 

Ustilago  Montagnei  Tul.,  Ann.  Sci.  Nat.,  Bot.,  m,  7  :  88.  1847. 

Microbotryum  Montagnei  Lev.,  Ann.  Sci.  Nat.,  Bot.,  in,  8 :  372.  1847. 

Ustilago  Montagnei  var.  major  Desrn.,  Plant.  Crypt.,  ii,  1726.  1850. 

Ustilago  Rhynchosporae  Saut.,  Ivlotz.  Herb.  Viv.  Myc.  Fung.,  1896.  1854. 

?  Ustilago  juncicola  Speg.,  Fungi  Guar.,  15.  1891. 

Cintractia  Montagnei  Magn.,  Abh.  Bot.  Ver.  Prov.  Brand.,  37  :  79.  1896. 

Ustilago  Caricis,  Auct. 

Exsiccati :  Cintractia  Montagnei  (Tul.)  Magn.,  on  Rhynchospora  alba , 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  7. 

Sori  in  ovaries,  usually  rather  completely  hidden  by  the  envel¬ 
oping  glumes,  oblong  to  subspherical,  small,  powdery  or  less  com¬ 
monly  firm  ;  spores  brown  or  black  brown,  somewhat  compressed 
laterally  and  so  showing  oblong  to  polygonal  or  subcircular 
according  to  view,  usually  with  remains  of  enveloping  membrane 
showing  as  prominent  hyaline  lateral  wings,  minutely  pitted,  12-19 
/x,  chiefly  13-16  y,  in  length. 

Hosts:  Rhynchospora  alba ,  Conn.,  Me.,  N.  Y.,  Vt.,  N.  F. ; 
R.  ciliata, '  Fla. ;  R.  eximia,  Mex. ;  R.  glomerata ,  Mass.,  Miss., 
N.  Y. ;  R.  tenuis,  Mex.  ;  Rhynchospora  sp.,  N.  Car.,  S.  Car. 

This  species  is  often  placed  with  Cintractia  Caricis  and  in  some 
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of  its  forms  approaches  very  closely  to  that  species.  In  general  it  is 
distinguished  by  a  smaller  more  powdery  sorus  and  smaller  usually 
lighter  colored  spores  that  are  often  provided  with  the  wing-like 
projections.  There  is  great  variation  in  size,  shape,  and  color  of 
the  spores  in  different  specimens  but  it  seems  impossible  to  separate 
such  as  distinct  species.  Ustilago  juncicola  on  Juncus  Chamis- 
sonis,  described  by  Spegazzini  in  Fung.  Guar.,  p.  15,  and  issued  in 
Balansa’s  PI.  Par.,  no.  4323,  to  which  Spegazzini  refers,  was  found 
in  the  set  of  this  exsiccati  at  the  Harvard  cryptogamic  herbarium, 
to  be  merely  Cintractia  Montagnei  and  Mr.  M.  L.  Fernald  of  the 
Gray  herbarium  identified  the  host  as  Rhynchospora  and  not 
Juncus.  As  the  specimen  in  this  set  may  possibly  be  improperly 
labeled,  TJstilago  juncicola  is  referred  to  here  as  a  synonym  with  a 
question  mark.  This  species  has  apparently  not  been  germinated. 
Literature  :  115. 

Cintractia  Psilocaryae  (Tr.  &  Earle)  Clint. 

Ustilago  Psilocaryae  Tr.  &  Earle,  Bull.  Torr.  Bot.  Club,  26  :  493.  1899. 

Cintractia  Psilocaryae  Clint.,  Journ.  Myc.,  8  :  142.  1902. 

Sori  in  ovaries,  inconspicuous,  hidden  by  glumes,  in  time 
powdery ;  spores  dark  reddish  brown,  somewhat  laterally  com¬ 
pressed  and  so  oval  to  circular  in  cross  section  according  to  view, 
usually  conspicuously  angled,  with  very  dark  and  irregularly 
thickened  walls  (often  3  /x),  under  an  immersion  lens  with  the  com¬ 
pressed  sides  showing  faint  reticulated  appearance  at  center  and  pits 
toward  the  circumference,  chiefly  12-15  g  in  length. 

Hosts :  Psilocarya  nitens,  Fla.,  Miss,  (type)  ;  P.  scirpoides, 
Mass.,  R.  I. 

This  species  is  very  closely  related  to  some  of  the  forms  of 
C.  Montagnei  and  has  been  referred  to  that  species  by  some 
botanists  (Curtis  collection).  It  differs  in  the  thicker  irregular  cell 
wall  and  the  possession  of  reticulated  as  well  as  pitted  markings. 
The  germination  has  not  been  reported. 

Cintractia  limitata  Clint,  n.  sp. 

Sori  in  the  spikelets,  infecting  only  part,  at  first  concealed  by  the 
enveloping  glumes  but  with  the  semi-agglutinated  spore  mass  finally 
becoming  powdery  and  showing  in  the  vicinity  of  the  infected  spike- 
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lets  as  a  purplish  black  powder ;  spores  chiefly  dark  reddish  brown, 
ovate  or  ovoid  to  chiefly  subspherical  or  spherical,  occasionally  some¬ 
what  polyhedral,  often  with  pitted  contents,  smooth,  9.5-14  /x  in 
length. 

Host:  Cyperus  ligularis,  Porto  Rico  (Mayaguez  and  San  Juan, 
type) . 

The  spikelets  of  this  host  are  closely  crowded  together  into  dense 
lobed  spikes  and  usually  only  the  spikelets  at  the  ends  of  these  are 
infected.  The  sori  are  very  similar  to  those  of  C.  Cyperi  but  the 
spores  are  entirely  different,  being  very  much  smaller  and  more  reg¬ 
ular.  The  character  of  the  sorus  distinguishes  it  from  C.  axicola 
var.  minor  also  reported  from  Porto  Rico  on  Cyperus  sp. 

Cintractia  Cyperi  Clint,  n.  sp. 

Sori  in  the  interior  of  the  spikelets,  infecting  all  in  the  head, 
hidden  by  the  enveloping  glumes,  scarcely  modifying  appearance  of 
infected  parts  so  that  diseased  heads  are  told  from  the  sound  only 
by  slightly  darker  color,  in  time  shedding  somewhat  the  brown 
black  granular  spore  mass;  spores  reddish  brown,  more  or  less 
agglutinated  but  easily  broken  up  into  single  spores,  oblong  to 
polyhedral  but  chiefly  irregular,  apparently  smooth  but  with  epi- 
spore  often  showing  darker  lines  due  to  pressure  of  spore  mass, 
12-18  /x,  or  most  elongated  22  /x,  in  length. 

Host:  Cyperus Jiliculmis,  Conn.  (type). 

This  is  quite  different  from  Cintractia  axicola  var.  minor,  also 
on  Cyperus,  in  the  character  of  both  the  sorus  and  the  spores. 
The  hidden  sorus  and  the  large  irregular  spores  are  the  points  of 
chief  interest  in  this  species.  In  these  respects  it  approaches  some 
of  the  forms  with  irregular  spores  of  Cmtractia  Montagnei.  The 
fungus  has  been  collected  twice  in  Connecticut,  on  the  sand  plains 
about  North  Haven  and  Montowese,  and  is  not  uncommon  in  those 
places.  The  spores  have  not  been  germinated. 

Cintractia  subinclusa  (Korn.)  Magn. 

Ustilago  subinclusa  Korn.,  Hedw.,  13:  159.  1874. 

Anthracoide a  subinclusa  Bref.,  Unters.  Gesammt.  Myk.,  12:  146.  1895. 

Cintractia  subinclusa  Magn.,  Abh.  Bot.  Ver.  Prov.  Brand.,  37 :  79.  1896. 

Exsiccati :  Ustilago  subinclusa  Korn.,  on  Carex  lanuginosa ,  Griff.,  West 

Amer.  Fungi,  232,  on  Carex  trichocarpa  var.  Deweyi,  Ell.  &  Ev.,  N.  A. 

Fungi,  1889,  on  Carex  utriculata,  Griff.,  West  Amer.  Fungi,  231,  231a. 
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Sori  in  the  ovaries,  often  concealed  by  the  perigynium,  subspheri- 
cal,  about  2-4  mm.  in  diameter,  at  first  agglutinated  but  as  usually 
seen  forming  a  more  or  less  granular  olive  black  spore  mass  ;  spores 
dark  olive  brown,  usually  subopaque,  ovoid  to  subspherical,  occasion¬ 
ally  more  elongated  and  often  somewhat  angular,  provided  with 
coarse,  tinted  scales  showing  at  circumference  as  truncate  append¬ 
ages,  chiefly  14-19  g,  most  elongated  rarely  22  /x,  in  length. 

Hosts:  Car  ex  lanuginosa ,  Nev.;  C.  Michauxiana ,  Brit.  Amer., 
New  Bruns. ;  C.  oligosperma ,  N.  F.  ;  C.  trichocarpa  var.  Deweyi , 
N.  Dak. ;  C.  utriculata,  Nev.,  Ore. 

This  species  is  easily  distinguished  from  C.  Caricis  by  the  promi¬ 
nent  scales  on  the  spores  and  by  the  less  conspicuous  and  usually 
granular  sorus.  It  is,  apparently,  found  most  commonly  in  the 
northern  regions.  Its  germination  has  been  reported  by  Brefeld. 
Literature:  23,  115,  163. 

Cintractia  Caricis  (Pers.)  Magn. 

Uredo  caricis  Pers.,  Syn.  Fung.,  225.  1801. 

Farinaria  carbonaria  Sow.,  Engl.  Fungi,  t.  396,  f.  4.  1803. 

Uredo  carpophyla  Schum.,  Enum.  PI.  Sael.,  2  :  234.  1803. 

Uredo  segetum  t]  caricis  DC.,  Poir.  Enc.  Meth.  Bot.,  8 :  227.  1808. 

Uredo  decipiens  p  Strauss,  Ann.  Wett.  Ges.,  2  :  111.  1811. 

Uredo  urceolorum  DC.,  FI.  Fr.,  6:  78.  1815. 

Caeoma  decipiens  Mart.,  FI.  Crypt.  Erl.,  315.  1817.  p.  p. 

Caeoma  urceolorum  Schl.,  FI.  Ber.,  2  :  130.  1824. 

Caeoma  Caricis  Lk.,  Sp.  PL,  62 :  5.  1825. 

Ustilago  utricolorum  Fr.,  Syst.  Myc.,  3  :  519.  1832.  p.  p. 

Erysibe  baccata  Wallr.,  FI.  Crypt.  Germ.,  2  :  214.  1833. 

Ustilago  caricis  Ung.,  Einfl.  Bodens,  211.  1836. 

Ustilago  urceolorum  Tul.,  Ann.  Sci.  Nat.,  Bot.,  in,  7  :  86.  1847. 

Ustilago  Scirpi  Kuhn,  Hedw.,  12.  150.  1873. 

Anthracoidea  Caricis  Bref.,  Unters.  Gesammt.  Myk.,  12:  144.  1895. 

Cintractia  Caricis  Magn.,  Abh.  Bot.  Yer.  Prov.  Brand.,  37  :  78.  1896. 

Ustilago  caricis  douglasii  Shear,  Fungi  Col.,  1485.  1901. 

Exsiccati :  Cintractia  Caricis  (Pers.)  Magn.,  on  Carex  sp.,  Syd.,  List., 
173,  on  Carex  Douglasii ,  Griff.,  West  Amer.  Fungi,  209,  209a,  on  Carex  echi- 
nata  var.  cephalaiitha,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C 
5,  on  Carex  marcida,  Griff.,  West  Amer.  Fungi,  210,  on  Carex  pseudo- 
scirpoidea ,  Griff.,  West  Amer.  Fungi,  211,  on  Carex  Pennsylvania,  Seym. 
&  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  3,  C  4  ;  Ustilago  Caricis  (Pers.), 
on  Carex  Douglasii ,  Ell.  &  Ev.,  N.  A.  Fungi,  2259,  on  Carex  Pennsyl¬ 
vania,  Ell.  &  Ev.,  N.  A.  Fungi,  1090,  Shear,  N.  Y.  Fungi,  81,  Seym.  & 
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Earle,  Econ.  Fungi,  55,  on  Carex  sp.,  Ell.  &  Ev.,  Fungi  Col.,  135  ;  TJstilago 
caricis  douglasii  Shear,  on  Carex  douglasii,  Ell.  &  Ev.,  Fungi  Col.,  1485. 

Sori  in  ovaries,  about  3-4  mm.  in  diameter,  at  first  hidden  by  the 
perigynium,  then  exposed  as  subspherical  bodies  protected  by  a 
false  white  membrane  which  soon  wears  away  disclosing  black 
firmly  agglutinated  mass  of  spores,  with  distinct  columella ;  sterile 
cells  of  membrane  usually  not  very  distinct  because  semigelatinized  ; 
spores  subopaque,  chiefly  irregular  polyhedral,  occasionally  subspher¬ 
ical,  or  more  elongated  in  lateral  view,  granular  to  papillate  or 
sometimes  indistinctly  pitted,  often  with  signs  of  hyaline  envelope, 
16-27  fx,  chiefly  18-22  in  length. 

Hosts:  Carex  arctata,  N.  H. ;  C.  caiiescens ,  Can.;  C.  crinita , 
R.  Y. ;  ?  C.  dioica,  Can.;  C.  Douglasii ,  Colo.,  Nev.,  Ore.,  Wash.; 
C.  echinata  var.  cephalantha,  N.  H.,  N.  Y. ;  C.  echinata  var.  mi¬ 
cro  stachys,  Vt.  ;  C.  elynoides ,  Colo. ;  C.  exilis ,  Mass. ;  C.  jilifolia , 
Calif.;  C.  folliculata,  Miss.;  C.fusca,  Penn.;  C.  glareos a,  Green¬ 
land  ;  C.  incurva,  Greenland ;  C.  lagopina,  Isl.  Bering  Sea ;  C. 
limosa,  Mich.,  Wise. ;  C.  livida ,  Labrador;  C.  luzidaefolia ,  Calif.; 
C.  Magellanica ,  N.  Y.  ;  C.  marcida ,  Mont. ;  C.  monile,  Yt. ;  C. 
nardina,  Greenland ;  C.  obnupta,  Calif. ;  (J.  occidentalism  Wyo.;  C. 
oligosperma ,  N.  Y. ;  C.  pedunculata,  Me. ;  C.  Pennsylvanica , 
Conn.,  Ia.,  Ill.,  Mass.,  Me.,  Minn.,  Mont.,  N.  H.,  N.  Y.,  Penn.,  R.  I. ; 
C.  pseudoscirpoidea,  Wyo.;  C.  rigida,  Greenland,  Labrador;  C. 
rupestris ,  Can.,  Greenland;  C.  salina ,  Labrador;  C.  scirpoidea , 
Greenland,  N.  F. ;  C.  siccata,  Vt.,  Can. ;  C.  ( Sitchensis ,  Calif.) ;  C. 
straminiformis ,  Calif. ;  C.  stricta ,  1ST.  Y.,  Wise. ;  C.  tetaniea ,  Mass. ; 
C.  turfosa ,  Greenland  ;  C.  umbellata ,  Del.,  N.  H.,  N.  Y. ;  C.  um- 
bellata  var.  vicina ,  Me.;  C.  utriculata ,  N.  Y. ;  C.  vaginata ,  Me., 
Labrador;  C.  varia ,  Ohio;  C.  variabilis,  Wash. ;  C.  vulgaris  var. 
hyperborea ,  Greenland ;  Carex  sps.,  Calif.,  Mass.,  Mich.,  Mo.,  N. 
Car.,  H.  H.,  R.  I.,  Utah,  Yt.,  Wash.,  Wyo. ;  ICobresia  caricina,  — ; 
K.  scirpina ,  Greenland;  Scirpas  caespitosus ,  Greenland. 

It  is  questionable  whether  the  germination  of  this  fungus  is  suffi¬ 
ciently  distinct  to  admit  a  new  genus  being  founded  on  it,  as  in  case 
of  Brefeld’s  Anthracoidea.  The  writer  prefers  to  place  it  in  the 
genus  Cintractia,  where  many  of  the  species  are  closely  related  to  it. 
The  species  is  variable,  but  while  the  extreme  variations  are  quite 
different  they  are  so  closely  connected  by  intermediate  forms  that 
it  does  not  seem  wise  even  to  distinguish  varieties.  The  sori  with 
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age  sometimes  become  powdery.  The  specimens  on  Carex  Sitch- 
ensis ,  sent  by  C.  H.  Thompson  from  California  are  unusual  in  that 
many  of  the  sori  are  elongated,  varying  from  subspherical  to  three  or 
four  times  as  long  as  broad.  Cocconi  and  Brefeld  have  described 
the  germination.  Literature  :  23,  34,  115. 

Cintractia  externa  (Griff.)  Clint. 

Tilletia  externa  Griff.,  Bull.  Torr.  Bot.  Club,  29  :  290.  1902. 

Cintractia  externa  Clint.,  Journ.  Myc.,  8  :  142.  1902. 

Exsiccati  :  Cintractia  externa  (Griff.)  Clint.,  on  Carex  jilifolia ,  Seym.  & 

Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  2;  Tilletia  externa  Griff.,  on 

Carex  filifolia,  Griff.,  West  Amer.  Fungi,  305. 

Sori  in  the  ovaries,  subspherical,  about  3  or  4  mm.  in  diameter, 
forming  a  firmly  agglutinated  black  spore  mass  that  on  absorbing 
moisture  becomes  smeared  over  adjacent  parts,  with  evident  small 
columella;  spores  black  brown,  opaque,  ovoid  to  spherical,  smooth, 
provided  with  hyaline  membranes  of  which  the  thin  inner  forms 
part  of  cell  wall  and  the  outer  the  evident  remains  of  the  fertile 
hyphae,  17-22  /x  in  diameter. 

Host :  Carex  filifolia ,  Mont,  (collected  by  F.  W.  Anderson,  Apr., 
1888,  at  Sand  Coulee),  Neb.  (collected  by  T.  A.  Williams,  June  23, 
1890,  at  War  Bonnet  Canon),  Wyo.  (type). 

This  species  was  first  collected  fifteen  years  ago  by  Anderson, 
who  distributed  it  to  several  herbaria  under  the  name  TJstilago 
Caricis.  Later  it  was  collected,  by  Williams.  Recently  it  has  been 
described  from  Wyoming  as  a  species  of  Tilletia  by  Griffiths.  It 
is  closely  related  to  Cintractia  Caricis ,  which  also  occurs  on  the 
same  host  species,  but  differs  in  having  more  regular,  smooth  spores 
with  evident  hyaline  enveloping  membranes.  These  membranes  are 
evidently  hygroscopic  and  by  means  of  the  absorbed  water  the  spores 
are  shed.  The  germination  is  not  known.  Literature  :  29,  72. 

Cintractia  Luzulae  (Sacc.)  Clint. 

Ustilago  Luzulae  Sacc.,  Myc.  Ven.  Spec.,  73.  1873. 

Cintractia  Luzulae  Clint.,  Journ.  Myc.,  8  :  143.  1902. 

Sori  in  the  ovaries  or  occasionally  extending  to  the  base  of  the 
dowers,  subspherical,  about  2  mm.  in  diameter,  usually  concealed  by 
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the  perianth,  forming  at  first  a  firmly  agglutinated  but  eventually 
somewhat  granular  black  spore  mass,  with  inconspicuous  columella ; 
spores  dark  reddish  to  black  brown,  subopaque  or  opaque,  com¬ 
pressed  somewhat  laterally  and  so  appearing  oblong  to  oval  or  cir¬ 
cular  according  to  view,  usually  more  or  less  angled,  apparently 
smooth  but  under  an  immersion  showing  subreticulately  pitted, 
20-30  jj,  in  length. 

Host:  Luzula  campestris ,  Ind. 

Apparently  this  species  has  been  collected  in  this  country  only  by 
Arthur  in  Indiana.  It  is  very  closely  related  to  Cintractia  Junci , 
which  is  not  uncommon.  Blytt  has  described  another  species  on 
Luzula,  from  Europe,  which  is  said  to  differ  from  this  in  the  smaller 
verruculose  spores.  The  germination  of  Cintractia  Luzulae  has  not 
been  reported,  according  to  the  writer’s  information. 

Cintractia  Junci  (Schw.)  Trel. 

Caeoma  Junci  Schw.,  Syn.  Fung.  Amer.,  290.  1834. 

Ustilago  Junci  Curt.,  Cat.  PI.  N.  Car.,  123.  1867. 

Cintractia  Junci  Trel.,  Bull.  Torr.  Bot.  Club,  12  :  70.  1885. 

Ustilago  Liebmanni  P.  Heim.,  Hedw.,  33 :  229.  1894. 

Exsiccati  :  Cintractia  Junci  (Schw.)  Trel.,  on  Juncus  tenuis ,  Seym.  & 
Earle,  Econ.  Fungi,  51 ;  Same,  Clinton  Ust.  Supp.,  C  6,  Ell.  &  Ev.,  Fungi 
Col.,  472,  Kell.,  Ohio  Fungi,  66  ;  Ustilago  Junci  (Schw.),  on  Juncus  tenuis , 
Ell.  &  Ev.,  N.  A.  Fungi,  290,  Thiim.,  Myc.  Uni.,  1622,  Rab.-Wint.,  Fungi 
Eur.,  2901. 

Sori  usually  linear,  surrounding  peduncles  and  pedicles  for  more 
or  less  of  their  length,  sometimes  in  basal  parts  of  the  flowers  and 
even  occasionally  filling  the  ovaries,  forming  an  agglutinated  black 
spore  mass ;  sterile  cells  usually  not  evident  since  inconspicuous  and 
early  evanescent ;  spores  black  brown,  subopaque,  more  or  less 
agglutinated,  somewhat  compressed  laterally  and  so  showing  oblong 
to  irregularly  polygonal  or  subcircular  according  to  view,  minutely 
pitted,  14-22  /x  in  length. 

Hosts  :  Juncus  acuminatus ,  Miss.;  J.  effusus ,  N.  J.;  J.  tenuis , 
Conn.,  Ia.,  Ill.,  Mass.,  N.  J.,  N.  Y.,  Ohio,  Penn,  (type  C.  Junci), 
Vt.,  Wise.;  Juncus  sp.,  Mass.,  N.  Car.,  Mex.  (type  U.  Liebmanni). 

This  species  is  closely  related  to  Cintractia  Luzulae  which  also 
possesses  pitted  spores  that  are  somewhat  larger  and  occur  in  the 
ovaries  of  Luzula.  Hennings  described  Ustilago  Liebmanni  from 
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Mexico  on  Luzula  sp.,  but  a  specimen  sent  the  writer  had  the  host 
changed  to  Juncus.  This  species  has  the  sori  in  the  ovaries,  but  so 
does  C.  Junci  sometimes.  The  writer  is  inclined  to  believe  they  are 
identical,  though  the  specimen  examined  of  the  former  was  very 
poor. 

Cintractia  axicola  (Berk.)  Cornu. 

Ustilago  axicola  Berk.,  Ann.  Mag.  Nat.  Hist.,  n,  9  :  200.  1852. 

Ustilago  axicola  Berk,  var.,  Grev.,  3  :  59.  1874. 

Ustilago  Fimbristylis  Thm.,  Bull.  Torr.  Bot.  Club,  6  :  95.  1876. 

Cintractia  axicola  Cornu,  Ann.  Sci.  Nat.,  Bot.,  vi,  15:  279.  1883. 

Exsiccati :  Cintractia  axicola  (Berk.)  Cornu,  on  Fimbristylis  autumnalis, 

Seym.  &  Earle,  Econ.  Fungi,  530,  on  Fimbristylis  sp.,  Syd.,  Ust.,  219. 

Sori  usually  at  base  of  peduncles  or  pedicles,  rarely  in  the  spike- 
lets,  usually  roundish,  about  3-5  mm.  in  diameter,  at  first  with 
whitish  false  membrane  covering  the  olive  black  agglutinated  spore 
mass,  but  this  soon  disappearing  and  spores  becoming  less  firmly 
agglutinated  ;  sterile  cells  usually  indefinite  through  gelatinization 
of  wall,  cellular  or  somewhat  thread  shaped,  with  little  or  no  lumen  ; 
spores  reddish  brown,  compressed  laterally  and  so  appearing  oblong 
to  subcircular  according  to  view,  often  somewhat  angled,  smooth, 
12-18  fx  in  length. 

Hosts :  Fimbristylis  autumnalis ,  Ala.  (type  U.  axicola  Berk, 
var.),  Miss.,  Ya.  (type  XI.  Fimbristylis) ;  F.  dipluylla,  Porto  Rico; 
F.  Holvmyana ,x  Mex  ;  Fimbristylis  sp.,  Costa  Rica,  Cuba,  Jamaica, 
Mex.,  San  Dom.  (type). 

Cooke  (Grev.-,  19  :  53)  states  that  the  San  Domingo  specimen  dif¬ 
fers  from  the  American  and  is  an  Ustilago.  The  writer  has  not 
seen  the  specimen  from  San  Domingo,  but  the  Cuban  specimens  in 
the  Wright  collection  at  Harvard  university  are  of  the  Cintractia 
type.  The  specimens  examined  from  the  United  States  may  have 
spores  that  average  smaller  than  those  examined  from  Cuba  and 
Mexico  but  are  otherwise  the  same.  There  seems  to  be  no  reason 

# 

1  This  specimen,  collected  by  Pringle,  does  not  agree  entirely  with  the  type 
as  the  sorus  is  inclined  to  involve  the  entire  spikelet,  and  the  spores,  12.5-15  jx, 
are  verruculose  instead  of  smooth.  The  specimen,  however,  is  meager  and  it 
is  best  placed  here  until  more  is  learned  from  future  collections  on  the  same 
host. 
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for  considering  Fstilago  Fimbristylis  distinct.  The  specimen 
reported  by  Berkeley  from  Alabama  as  Ustilayo  axicola  var.,  on 
Cyperus  sp.,  according  to  the  Curtis  collection  is  on  Fimbristylis 
autumnalis.  The  germination  of  the  species  appears  not  to  have 
been  reported.  Literature:  38,  39. 

Cintractia  axicola  var.  minor  Clint. 

Cintractia  axicola  var.  minor  Clint.,  Jonrn.  Myc.,  8 :  143.  1902. 

0 

Exsiccati :  Ustilago  ( Cintractia )  axicola  Berk.,  on  Cyperus  Grayii ,  Ell. 
&  Ev.,  N.  A.  Fungi,  2423. 

Sori  and  spores  as  in  the  species  except  latter  smaller,  chiefly 
10-13  [x  in  length. 

Host :  Cyperus  Grayii ,  1ST.  Y.  (type)  ;  C.  sphacelatus,  Porto  Rico. 
This  smut  sometimes  occurs  in  the  base  of  the  spikelets  that  are 
sessile  forming  a  conspicuous  smutty  mass.  The  variety  agrees 
in  some  respects  with  Spegazzini’s  description  of  Cintractia  peribe- 
buyensis ,  especially  the  specimen  from  Porto  Rico  which  may 
prove  to  be  it.  Literature  :  29. 

Cintractia  utriculicola  (P.  Henn.)  Clint. 

Cintractia  leucoderma  f.  utriculicola  P.  Henn.,  Hedw.,  34:  336.  1895. 

Cintractia  axicola  f.  spicularum  Juel,  Bih.  Iv.  Svensk.  Yet.  Akad.  Handl., 
23  (39):  7.  1897. 

Cintractia  utriculicola  Clint.,  Journ.  Myc.,  8:  143.  1902. 

Exsiccati  :  Cintractia  axicola  f.  spicularum  Juel,  on  Rhynchospora  sp., 
Syd.,  Ust.,  220. 

Sori  in  ovaries,  ovoid  to  subspherical,  chiefly  3-6  mm.  in  length, 
covered  by  evident  whitish  false  membrane  that  ruptures  irregularly 
from  the  apex  disclosing  a  semi-agglutinated  black  spore  mass ; 
sterile  cells  hyaline,  chiefly  subspherical,  usually  semigelatinized ; 
spores  dark  reddish  brown,  often  subopaque,  with  irregular  lighter 
areas,  somewhat  compressed  laterally  and  so  appearing  oblong  to 
circular  according  to  view,  smooth,  11-16  fx  in  length. 

Hosts  :  -Rhynchospora  aurea ,  Porto  Rico  ;  Rhynchospora  sp., 
Mex. 

ri  his  form  is  described  from  specimens  issued  in  Sydow’s  Usti- 
lagineen,  no.  220,  from  Mexico.  The  synonyms  are  those  assigned 
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by  others,  as  specimens  representing  them  have  not  been  seen  by 
the  writer.  The  specimens  seen  at  least  seem  to  deserve  specific 
rank.  It  differs  from  C.  cixicola  not  only  in  the  host  genus  but  also 
in  the  part  infected  and  from  C.  leucoderma  in  the  position  and 
size  of  the  sorus  and  in  its  smooth  spores.  The  germination  of  this 
species  has  not  been  reported.  Literature:  29,  91. 

Cintractia  leucoderma  (Berk.)  P.  Henn. 

Ustilago  leucoderma  Berk.,  Ann.  Mag.  Nat.  Hist.,  n,  9:  200.  1852. 

Cintractia  Krugiana  Magn.,  Engl.  Jahrb.,  17  :  490.  1893. 

Cintractia  leucoderma  P.  Henn.,  Heclw.,  34  :  335.  1895. 

Cintractia  affinis  Pk.,  N.  Y.  St.  Mus.  Bull.,  67  :  28-29.  1903. 

Exsiccati :  Cintractia  leucoderma  (Berk.)  P.  Henn.,  on  Rhynchospora  sp., 

Syd.,  Ust.,  224. 

Sori  surrounding  peduncles  or  pedicles  or  often  involving  base  of 
the  rhachis  (sometimes  even  on  stems)  forming  conspicuous  elon¬ 
gated  bodies  7-30  mm.  in  length,  covered  with  a  thick  white  false 
membrane  that  gradually  flakes  away  leaving  exposed  the  firmly 
agglutinated  black  spore  mass ;  sterile  cells  more  or  less  gelatinized, 
often  almost  in  fragments;  spores  medium  to  dark  reddish  brown, 
somewhat  compressed  laterally  and  so  showing  oblong  to  circular 
according  to  view,  occasionally  obtusely  angled,  at  times  with 
hyaline  fragments  still  attached,  verruculose1  though  sometimes 
rather  obscurely,  13-16  /x,  rarely  18  /x  or  even  20  /x  in  length. 

Hosts  :  RhyncZiospora  corniculata, ,  Fla.;  R.  cyperoides ,  Fla. ;  R. 
gigantea ,  Porto  Rico  (type  C.  Krugiana)  ;  R.  macrostacZiya,  N.  Y. 
(type  C.  affinis);  R.  Tracyi ,  Fla.;  RZiyncZcospora  sp.,  Mex.;  RZiyn- 
chospora  ?,  Cuba,  San  Dom.  (type) . 

The  false  membrane  of  the  sorus  is  developed  most  conspicuously 
in  this  of  any  of  the  species.  The  specimen  collected  by  Peck  and 
Earle  at  Smithtown,  Long  Island  ( Cintractia  affinis),  has  spores 
that  average  larger  than  most  of  the  other  collections,  being  16-20  g 
in  length ;  but  its  variations  do  not  seem  to  merit  specific  distinc¬ 
tion  more  than  some  of  the  other  collections.  The  germination  of 
the  species  has  not  been  reported.  Literature:  23,  113. 

1  In  the  Florida  specimens  the  exospore  is  provided  with  conspicuous  par¬ 
allel  striae  that  toward  the  poles  often  become  broken  into  verruculations.  As 
some  hint  of  this  banded  appearance  is  often  seen  in  other  specimens,  it  is 
not  probable  that  this  represents  a  distinct  species. 
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Schizonella  Schrot. 

Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  362.  1877. 

( Geminella  Schrot.,  Abh.  Schles.  Ges.,  Abth.  Nat.  Med.,  1869-72  :  6.  1869.  p.  p.) 

Type:  Schizonella  melanogramma  (DC.)  Schrot. 

Host :  Carex  digitata.  Chaillet  in  Jura. 

Sori  in  the  leaves,  forming  black  agglutinated  spore  ??msses ; 
spores  in  pairs ,  produced  serially  in  the  fertile  threads,  arising  by 
internal  division  of  a  mother  cell,  usually  becoming  somewhat  laxly 
connected  by  the  bulging  of  contiguous  surfaces  or  sometimes  sep¬ 
arating  into  individual  cells,  of  medium  size ;  germination  by  means 
of  a  short  promycelium,  the  cells  of  which  give  rise  to  sporidia  as 
with  Ustilago. 

Only  a  single  species,  with  a  variety,  comes  under  this  genus, 
i  his  species  has  Carex  for  its  host  and  is  rather  widely  distributed. 
Sometimes  the  spores  occur  in  threes,  instead  of  twos,  and  very 
often  they  separate  into  the  individual  cells  which  are  then  thinner 
walled  and  lighter  colored  on  the  side  of  previous  contact.  The 
genus  is  very  similar  to  Mykosyrinx  and  at  one  time  their  species 
were  placed  together.  The  agglutinated  characters  of  the  sori  and 
the  general  color  of  the  spores  show  some  relationship  to  Cintractia, 

Schizonella  melanogramma  (DC.)  Schrot. 

Uredo  melanogramma  DC.,  El.  Er.,  6  :  75.  1815. 

Caeoma  melanogramma  Schl.,  Linnaea,  1 :  238.  1826. 

Puccinia  melanogramma  Ung.,  Einf.  Bodens,  217.  1836. 

Thecaphora  melanogramma  Lev.,  Ann.  Sci.  Nat.,  Bot.,  in,  8  :  373.  1847. 

Ustilago  destruens  afoliicola  Hausm.,  Erb.  Critt.  It al.,  1300.  1865. 

Geminella  foliicola  Schrot.,  Abli.  Schles.  Ges.,  Abth.  Nat.  Med.,  1869-’ 72  : 
6.  1869. 

Urocystis  pusilla  Cke.  &  Pk.,  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  25  •  90 
1873. 

Ustilago  ambiens  Karst.,  Oefv.  Iv.  Svensk.  Vet.  Akad.  Forh.,  29  :  108.  1873. 

Geminella  melanogramma  Magn.,  Hedw.,  14 :  19.  1875. 

Schizonella  melanogramma  Schrot.,  Cohn’s  Beitr.  Biol.  Pflanz.,  2  •  362 
1877. 

Entyloma  ambiens  Johans.,  Oefv.  K.  Svensk.  Vet.  Akad.  Forh.,  419-  160 
1884. 

Exsiccati :  Geminella  foliicola  Schrot.,  on  Carex  Pennsylvania,  Thiirn., 
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Myc.  Uni.,  928;  Geminella  melcinogramma  (DC.)  Magn.,  on  Carex  sp., 
Ell.,  N.  A.  Fungi,  291  ;  S chizonella  melanogramma  (DC.)  Schrot.,  on  Carex 
Pennsylvanica ,  Seym.  &  Earle,  Econ.  Fungi,  56,  Same,  Clinton  Ust.  Supp., 
C  36,  C  37,  Ell.  &  Ev.,  Fungi  Col.,  474,  on  Carex  sp.,  Griff.,  West  Amer. 
Fungi,  225. 

Sori  in  the  leaves,  chiefly  epiphyllous,  linear,  1  to  2  mm.  or  often, 
by  terminal  fusion,  of  considerable  length,  forming  rather  per¬ 
manently  agglutinated  black  striae ;  spores  dark  reddish  brown, 
often  with  the  cells  becoming  partially  or  entirely  separated  by  the 
bulging  of  the  contiguous  sides,  chiefly  ellipsoidal  to  hemispherical 
or  when  separated  into  cells,  polyhedral  to  subspherical,  chiefly 
8-12  [x  in  length. 

Hosts  :  Carex  atrata ,  Colo. ;  C.  laxiflora ,  Ill. ;  C.  Pennsylvanica, 
Conn.,  Ia.,  Ill.,  Mass.,  Mich.,  N.  Y.  (type  U.  pusilla)  ;  Carex  sp., 
Calif.,  Colo.,  Ind.,  Mich.,  Ore.,  Utah,  Wise.,  Wyo. 

A  specimen  of  the  type  of  TJstilago  ambieiis  received  from 
Karsten  proves  to  be  this  species.  The  germination  has  been 
described  by  both  Schroter  and  Brefeld.  Literature :  28,  152. 

Mykosyrinx  Beck. 

Ann.  Iv.  K.  Natur.  Hofmus.  Wien,  9  :  123.  1894. 

Type :  Mykosyrinx  Cissi  (DC.)  Beck. 

Host :  Cissus  sp.  Dominica. 

Sori  in  the  interior  of  the  pedicles  and  peduncles  of  the  inflores¬ 
cence,  forming  a  double  layered  fertile  stroma  lining  these  and 
giving  rise  to  a  dusty  spore  mass  which  fills  the  hollowed  organs ; 
spores  in  pairs,  formed  from  mother  cells  produced  singly  in  the 
ends  of  short  hyphae,  with  cells  eventually  becoming  loosely  con¬ 
nected  by  bulging  of  contiguous  surfaces ;  germination  not 
known  (?). 

This  genus  has  spores  much  like  those  of  Schizonella ;  it  differs 
in  the  character  of  the  sorus  and  in  the  formation  of  the  spores 
singly  in  the  ends  of  the  fertile  hyphae.  Only  two  species  have 
been  described  both  of  which  are  found  in  warm  or  tropical  regions. 
The  hosts,  apparently,  are  confined  to  the  Vitaceae. 

Mykosyrinx  Cissi  (L>C.)  Beck. 

XJredo  cyssi  DC.,  Poir.  Encycl.  Meth.  Bot.,  8 :  228.  1808. 
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Puccinia  incarcerata  Lev.,  Ann.  Sci.  Nat.,  Bot.,  hi,  3  :  69.  1845. 

Ustilago?  Cissi  Tul.,  Ann  Sci.  Nat.,  Bot.,  in,  7  :  92.  1847. 

Geminella  exotica  Schrot.,  Iledw.,  15  :  135.  1876. 

Geminella  exotica  var.  de  Candollei  Eisch.  de  Waldh.,  Apery.  Syst.  Ust., 
43.  1877. 

Schroeteria  Cissi  de  Toni,  Sacc.  Syll.  Fung.,  72 :  501.  1888. 

Mykosyrinx  Cissi  Beck,  Ann.  K.  K.  Natur.  Hofmus.  Wien,  9:  123.  1894. 

Exsiccati :  Mykosyrinx  Cissi  (DC.)  Beck,  on  Cissus  sp.,  Krypt.  Exs. 

Editae  a  Musce  Pal.  Vind.,  11 ;  Schroeteria  Cissi  (DC.)  de  Toni,  on  Cissus, 

Syd.,  Ust.,  48. 

Sori  in  peduncles  and  pedicles  of  the  inflorescence,  distorting  the 
infected  parts  somewhat  and  filling  their  interior  with  a  dusty, 
purple  black  spore  mass  ;  spores  dark  reddish  brown,  subopaque, 
chiefly  subspherical,  spherical,  or  occasionally  slightly  angled,  two 
celled,  with  a  common  enveloping  outer  membrane  which  ruptures 
at  juncture  of  cells  allowing  these  to  separate  at  their  margin  though 
still  attached  at  the  bulging  centers,  smooth,  about  11-14  p.  (indi¬ 
vidual  cells)  in  length. 

Hosts  :  Cissus  acida ,  Porto  Rico  ;  C.  erosa ,  Porto  Rico ;  C.  sicy- 
oides ,  Fla.,  Bahamas,  Jamaica,  Porto  Rico,  San  Dom.  (type  Uredo 
cyssi ) ;  Cissus  sp.,  Dominica  (type)  ;  Vitaceae ,  Haiti,  Mex. 

This  genus,  which  is  based  largely  on  this  species,  has  rather 
obscure  or  as  yet  ill  defined  characters.  It  does  not  seem  very  dis¬ 
tinct  from  Schizonella.  The  germination  of  the  spores  not  having 
been  reported  leaves  its  generic  position  somewhat  in  doubt. 
Literature:  12,  38,  39,  139. 

Sorosporium  Rud. 

Linnaea,  4:  116.  1829. 

Type:  Sorosporium  Saponariae  Rud. 

Host :  Saponaria  officinalis.  Germ. 

Sori  in  various  parts  of  the  host,  forming  dusty  dark  colored 
spore  masses ;  spore  balls  composed  of  numerous  fertile  cells,  often 
rather  loosely  united  and  frequently  at  maturity  completely  sep¬ 
arating,  of  medium  size;  spores  usually  olive  or  reddish  brown,  of 
medium  size ;  germination  similar  to  that  of  ITstilago,  sometimes 
with  elongated  germ  thread  and  no  sporidia. 
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This  genus  is  characterized  by  the  rather  temporary  spore  balls, 
often  entirely  separating  at  maturity  in  which  case  they  cannot  be 
disti  nguished  from  Ustilago.  Species  have  been  described  some¬ 
what  indiscriminately  under  Sorosporium,  Thecaphora  and  Tolypo- 
•sporimn  so  that  these  genera  need  a  careful  revision.  In  a  few  cases, 
however,  it  is  difficult  to  determine  the  generic  position.  Very 
often  the  sori  are  provided  with  a  false  membrane  similar  to  that 
of  Sphacelotheca.  Saccardo  has  described  32  species  of  Sorospor¬ 
ium  ;  9  are  given  here.  Their  hosts  are  chiefly  among  the  Gram- 
ineae. 

Sorosporium  consanguineum  Ell.  &  Ev. 

Ustilago  Aristidae  Pk.,  Bull.  Torr.  Bot.  Club,  12  :  35.  1885. 

Sorosporium  consanguineum  Ell.  &  Ev.,  Journ.  Myc.,  3  :  56.  1887. 

Exsiccati :  Ustilago  Aristidae  Pk.,  on  Aristida  longiseta  robusta ,  Ell.  & 
Ev.,  Fungi  Col.,  1600,  on  Aristida  Scheideana,  Griff.,  West  Amer.  Fungi, 
214,  214a. 

Sori  in  ovaries,  entirely  enclosed  by  glumes  though  often  some¬ 
what  visible  through  these  ;  spore  balls  oblong  to  subspherical,  more 
or  less  irregular,  at  first  firm  but  with  age  usually  becoming  entirely 
dissolved,  about  80-135  g  in  length  ;  spores  reddish  brown,  ovoid 
to  subspherical  but  chiefly  polyhedral,  smooth,  mostly  6-9  g  in 
length. 

Hosts:  Aristida  basiramea ,  S.  Dak.;  A.  longiseta,  var.  robusta, 
Neb.;  A.  purpurea,  Neb.;  A.  Rusbyi,  Ariz.  (type  S.  consangui¬ 
neum ,);  A.  Scheideana ,  Ariz.;  Aristida  sp.,  Ivans.,  Tex.  (type  U. 
Aristidae) . 

An  examination  of  the  types  of  both  Peck’s  and  Ellis  and  Ever¬ 
hart’s  species  show  them  to  be  the  same  and  both  witli  rather  firm 
spore  balls.  A  number  of  other  specimens  examined  agreed  with 
these  in  all  respects  except  there  was  little  or  no  evidence  of  spore- 
balls.  This  condition  is  evidently  only  the  result  of  advanced  age 
or  maturity,  the  spore  balls  having  gone  to  pieces,  and  so  all  such 
forms  have  also  been  included  here.  Magnus  and  Brefeld  have 
each  described  smuts  on  Aristida  of  about  the  same  spore  measure¬ 
ment  as  tli is  species,  but  specimens  have  not  been  available  for  care¬ 
ful  comparison.  Saccardo  reports  in  the  Host  Index  of  the  Syllogye 
Fungorum,  Sorosporium  Aristidae  Neg.,  but  no  description  is  given. 
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This  makes  Peck’s  specific  name  in  the  present  case  untenable, 
unless  it  should  be  found  that  the  species  are  the  same.  Norton 
reports  the  germination  of  the  spores.  Literature:  72,  129. 

Sorosporium  Eriochloae  Griff. 

Sorosporium  Eriochloae  Griff.,  Bull.  Torr.  Bot.  Club,  31 :  84.  1904. 

Sori  in  ovaries,  oblong,  about  2—3  mm.  in  length,  more  or  less 
concealed  by  the  enveloping  glumes,  with  a  conspicuous  whitish 
false  membrane  that  ruptures  in  lobes  from  the  apex  disclosing  a 
blackish  somewhat  agglutinated  spore  mass  and  a  small  columella ; 
sterile  cells  of  false  membrane  adhering  together  rather  firmly, 
chiefly  cubical  to  2-3  times  as  long  as  broad,  occasionally  more 
rounded ;  spore  balls  rather  irregular  but  chiefly  ovoid  to  subspheri- 
cal,  soon  separating  into  spores,  usually  60-100  fx  in  length;  spores 
somewhat  agglutinated,  dark  reddish  brown,  ovoid  to  subspherical 
or  occasionally  polyhedral,  smooth  or  minutely  verruculose,  11—16  /x 
in  length. 

Host :  Eriocliloa  punctata ,  Ariz.  (type) . 

This  species  was  collected  by  Griffiths  in  the  Santa  Rita  Moun¬ 
tains  of  Arizona,  where  it  is  a  common  smut.  In  the  older  sori,  the 
spore  balls  are  often  very  indefinite  but  in  the  younger  parts  they 
seem  to  be  constant  and  characteristic ;  otherwise  the  species  would 
come  under  Sphacelotheca. 

Sorosporium  Everhartii  Ell.  &  Gall. 

Uredo  Syntherismae  Rav.  (not  Schw.),  Rav.  Fung.  Car.,  n,  98.  1853. 

Ustilago  Cesatii  Fisch.  d.  Waldh.,  Aper§.  Syst.  Ust.,  25.  1877.  p.  p. 

Sorosporium  Everhartii  Ell.  &  Gall.,  Journ.  Myc.,  6  :  32.  1890. 

Tolyposporium  Everhartii  Diet.,  Nat.  Pflanzenf.,  I1  *  *  :  14.  1897. 

Sorosporium  Syntherismae  Amer.  Auct.  p.  p. 

Exsiccati :  Sorosporium  Ellisii  var.  occidentalis  Seym.,  on  Andropogon 
Virginicum,  Ell.  &  Ev.,  N.  A.  Fungi,  2265  (b)  ;  Sorosporium  Everhartii 
Ell.  &  Gall.,  on  Andropogon  scoparius  (?),  Syd.,  Ust.,  190,  on  Andropogon 
Virginicus ,  Ell.  &  Ev.,  Fungi  Col.,  473  ;  Sorosporium  Syntherismae  (S.) 
Farl.,  on  Andropogon  Virginicus ,  Seym.  &  Earle,  Econ.  Fungi,  74;  Uredo 
Syntherismae  Schw.,  on  Andropogon,  Rav.,  Fung.  Car  ,  ii,  98. 

Sori  in  ovaries  of  the  spikelets,  linear,  about  1-2  cm.  in  length, 
with  prominent  false  membrane  dehiscing  from  apex  into  several 
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lobes,  with  black  brown  agglutinated  spore  mass  that  wears  away 
from  apex  disclosing  the  flattened  columella  of  plant  tissue ;  spore 
balls  oblong  to  subspherical,  composed  of  many  rather  firmly  agglu¬ 
tinated  spores,  usually  55-125  g  in  length  ;  spores  reddish  brown, 
inner  often  nearly  hyaline,  polyhedral  or  sometimes  ovoid  to  sub- 
spherical,  smooth  or  outermost  spores  granular- verruculose,  chiefly 
8-12  jx  in  length. 

Hosts :  Andropogon  macrourus,  Fla. ;  A.  scoparius ,  Ala., 
Conn.;  A.  Virginians ,  Ala.,  Ga.,  Miss.,  N.  J.  (type). 

The  above  species  is  distinguished  from  Sorosporiurn  Ellisii  by 
the  firmer  spore  balls  which  are  composed  of  smaller  spores  and 
by  the  occurrence  of  the  sori  in  the  ovaries  of  the  spikelets.  It  has 
considerable  resemblance  to  Tolyposporium,  under  which  genus  it 
has  been  placed  by  Dietel,  but  on  the  whole  seems  more  properly 
to  come  under  Sorosporiurn,  where  it  is  closely  related  to  several 
other  species.  Its  germination  has  not  been  reported. 

Sorosporiurn  contortum  Griff. 

Sorosporiurn  contortum  Griff.,  Bull.  Torr.  Bot.  Club,  31  :  83.  1904. 

Sori  in  the  inflorescence,  forming  linear  bodies  often  3-5  cm.  in 
length,  with  basal  part  concealed  by  leaves  but  apical  end  exposed, 
rupturing  upon  maturity  and  scattering  the  black  granular  spore 
mass  and  leaving  behind  the  prominent  shredded  false  membrane 
and  the  filaments  of  plant  tissue ;  spore  balls  opaque,  ovoid  to  sub- 
spherical  or  occasionally  more  irregular,  firm,  composed  of  many 
spores,  chiefly  50-90  g  in  length ;  sterile  membrane  composed  of 
hyaline  thick  walled  cells  rather  firmly  bound  together  and  cubical 
or  2-3  times  as  long  as  broad ;  spores  reddish  brown,  interior  ones 
often  scarcely  colored,  ovoid  to  subspherical  or  polyhedral,  smooth 
or  outer  ones  becoming  obscurely  verruculose,  9-13  g  in  length. 

Host:  Andropogon  contortus ,  Ariz.  (type),  Mex.  (Guadalajara). 

It  is  rather  doubtful  if  this  will  prove  distinct  from  Ustilago  Jili- 
formis  P.  Henn.  (Engl.  Bot.  Jahrb.,  30:  254.  1901)  on  the  same 

host.  The  writer  has  not  seen  the  description  of  this  species  yet, 
but  a  fragmentary  specimen  sent  by  Hennings  is  very  similar  to  the 
American  specimens.  It  differs  in  the  sori  being  confined  to  the 
spikelets  and  perhaps  in  smaller  spores.  Whether  these  are  con¬ 
stant  differences  remains  to  be  seen.  Griffiths  writes  that  in  south- 
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ern  Arizona  the  sorus  invariably  involves  the  entire  inflorescence. 
It  should  be  said  that  the  name  Ustilago  fili for  mis  has  already  been 
used  by  Rostrup  as  a  name  for  Ustilago  longissima  and  further  that 
Hennings’  specimen  shows  his  species  to  be  a  Sorosporium  and  not 
an  Ustilago. 

Sorosporium  Syntherismae  (Pk.)  Fail. 

Ustilago  Syntherismae  Pk.  (not  Schw.),  Ann.  Rep.  N.  Y.  St.  Mus.,  27:  103. 
1875. 

Sorosporium  Syntherismae  Earl.,  Host  Index  N.  A.  Fungi,  152.  1891. 

Sorosporium  Cenchri  P.  Ilenn.,  Hedvv.,  35  :  221,  222.  1890. 

Exsiccati :  Sorosporium  Syntherismae  (Pk.)  Far].,  on  Cenchrus  tribuloides, 
Seym.  &  Earle,  Econ.  Fungi,  60,  Same,  Clinton  Ust.  Supp.,  C  39,  on  Pani- 
cum  capillare ,  Seym.  &  Earle,  Econ.  Fungi,  398,  Fungi  Col.,  1785,  on 
Panicum  proliferum ,  Ell.  &  Ev.,  Fungi  Col.,  1786,  Seym.  &  Earle,  Econ. 
Fungi,  Clinton  Ust.  Supp.,  C  40 ;  Ustilago  Rabenhorstiana ,  on  Panicum 
proliferum,  Ell.  &  Ev.,  Fungi  Col.,  748,  on  Panicum  sp.,  Syd.,  Ust.,  103  ; 
Ustilago  Syntherismae  Schvv.,  on  Cenchrus  tribuloides ,  Ell.  &  Ev.,  N.  A. 
Fungi,  1890a,  Ell.  &  Ev.,  Fungi  Col.,  640,  Griff.,  West  Amer.  Fungi,  30, 
on  Panicum  proliferum,  Kell.,  Ohio  Fungi,  41  ;  Ustilago  Panici-miliacei 
(Pers.),  on  Panicum  capillare,  Ell.  &  Ev.,  N.  A.  Fungi,  2260b,  on  Panicum 
sp.,  Ell.  &  Ev.,  N.  A.  Fungi,  2200a. 


Sori  involving  entire  inflorescence,  elongated,  3-7  cm.  in  length, 
or  rarely  limited  to  individual  spikelets  and  then  shorter,  protected 
by  leaf  sheaths,  provided  with  false  membrane  that  ruptures  from 
apex  down  disclosing  black  brown  spore  mass  and  shredded  fila¬ 


ments  of  plant  tissue;  sterile  cells  of  membrane  hyaline,  oblong  to 
cubical  or  subspherieal,  with  tendency  to  adhere  in  filaments  when 
separated;  spore  balls  rather  evanescent,  variable  in  shape  and  size, 
irregularly  oblong  to  subspherieal,  40—100  p  in  length  ;  spores  very 
minutely  verruculose,  inner  often  appearing  smooth,  subspherieal  or 


somewhat  polyhedral  to  occasionally  more  elongated,  chiefly  9-13  p 
in  length. 

Hosts:  Cenchrus  echinatus ,  Mex.  (Guadalajara)  ;  C.  multi flor us, 
i\Iex. ;  (  .  tribuloides,  Conn.,  Colo.,  Ia.,  Ill.,  Ind.,  Ivans.,  Mich., 
Minn.,  ATeb.,  N.  \  S.  Dak.,  Tex.,  Wise. ;  Cenchrus  sp.,  Ivans., 
lex.,  Mex.;  Panicum  agrostoides ,  Mo.;  P.  capillare ,  la.,  Ind., 
Ivans.,  Mass.,  Neb.,  S.  Dak. ;  P .  hirticaulum,  Ariz.  ;  P .  proliferum , 
D.  (  .,  Ia.,  Ill.,  Ivans.,  Mq.,  N.  Car.;  Panicum  sp.,  Ivans.,  Mo. 

hiom  an  examination  of  the  very  poor  specimen  in  the  Schwei- 
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nitz  herbarium  at  the  Philadelphia  academy  of  natural  sciences  and 
from  Schweinitz’s  statement  of  the  host  as  Digitaria,  there  is  no 
doubt  that  he  described  what  is  now  known  as  Ustilago  Rabenhors- 
tiana  and  not  Sorosporium  Syntherismae  as  has  been  supposed. 
Fortunately  a  change  in  the  current  usage  of  names  is  made  unnec¬ 
essary  by  Peck’s  use  of  the  name  Ustilago  Syntherismae  for  the 
form  on  Cenchrus  three  years  before  this  name  was  first  applied  by 
Cooke  to  the  smut  on  Panicum  (Digitaria).  There  are  some  varia¬ 
tions  on  the  different  hosts,  especially  on  Cenchrus,  where  the  sori 
are  often  limited  to  the  individual  spikelets  and  the  spore  balls  are 
of  a  more  permanent  character.  The  forms  on  this  host  approach 
Sorosporium  Eoerhartii.  The  form  on  Panicum  has  been  reported 
erroneously  a  number  of  times  as  Ustilago  Panici-miliacei ,  a  species 
that  so  far  has  never  really  been  found  in  this  country.  Norton  has 
described  the  germination  of  Sorosporium  Syntherismae.  Litera¬ 
ture :  129. 

Sorosporium  Ellisii  Wint. 

Sorosporium  Ellisii  Wint.,  Hedw.,1  22  :  2.  1883. 

Sorosporium  Syntherismae  Amer.  Auct.  p.  p. 

Exsiccati  :  Sorosporium  Ellisii  Wint.,  on  Andropogon  scoparius ,  Seym. 
&  Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.,  C  38,  on  Andropogon  Vir- 
ginicus,  Ell.  &  Ev. ,  N.  A.  Fungi,  1099,  on  Aristida  dichotoma ,  Ell.  &  Ev., 
N.  A.  Fungi,  1494. 

Sori  elongated,  including  the  entire  inflorescence  or  more  rarely 
confined  to  the  individual  spikelets,  chiefly  1-5  cm.  in  length,  often 
hidden  by  enveloping  leaf  sheaths,  provided  with  evident  false  mem¬ 
brane  within  which  is  the  black  brown  dusty  spore  mass;  spore  balls 
dark  reddish  brown,  subopaque,  rather  temporary,  oblong  to  sub- 
spherical,  chiefly  40-100  p  in  length;  spores  somewhat  irregular, 
oblong  to  chiefly  subspherical  or  polyhedral,  thick  walled  (wall  often 
irregularly  thickened  and  lighter  colored  where  spores  have  been 
in  contact)  verruculose,  chiefly  12-19  p  in  length. 

Hosts:  Andropogon  scoparius ,2  Conn.,  Ill.,  Kans.;  A.  Virgini¬ 
ans,2  N.  J.  (type);  Aristida  dichotoma,  Ohio,  Penn.  (type). 

‘Also  in  Bull.  Torr.  Bot.  Club,  10:  7.  1883. 

'2  Reported  on  these  hosts  also  from  Ala.  and  Miss.,  but  the  specimens  exam¬ 
ined  by  the  writer  have  all  been  S.  Everhartii. 
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This  species  has  been  made  to  include  both  S.  Syntherismae  and 
S.  Everhartii  by  some  botanists.  Winter  described  the  species 
fiom  specimens  on  both  Andropogon  Virginicus  and  Aristida 
dichotomy  The  form  on  the  latter  host  seems  to  differ  somewhat 
from  that  on  Andropogon  and  possibly  may  merit  distinction.  The 
gei  ruination  has  not  been  reported.  The  form  reported  from  Con¬ 
necticut  on  A.  scoparius  is  very  near  £.  Everhartii  which  also 
occurs  in  that  State  on  the  same  host. 

t 

Sorosporium  provinciale  (Ell.  &  Gall.)  Clint. 

Sorosporium  Ellisii  var.  provincial is  Ell.  &  Gall.,  Journ  Mvc  6-31-32 
1890.  J  ■’  ' 

Sorosporium  provinciale  Clint.,  Journ.  Myc.,  8:  145.  1902. 

Exsiccati:  Sorosporium  Ellisii  var.  provinciale ,  on  Andropogon  provin- 

cialis,  Ell.  &  Ev.,  N.  A.  Fungi,  2425. 

Son  in  the  inflorescence,  linear,  often  6  cm.  or  more  in  length, 
concealed  within  the  leaf  sheath  or  upper  part  protruding,  with  false 
membrane  that  becomes  lacerated  exposing  black  brown,  granular 
spore  mass;  spore  balls  variable,  apparently  gradually  wearing 
away,  chiefly  50-100 /x,  or  possibly  even  longer1;  spores  medium 
light  reddish  brown  though  often  darker  in  places,  rather  regular, 
ovoid  to  chiefly  subspherical,  minutely  verruculose,  with  thick  uni- 
foim  cell  wall  (3  ^,),  14—19  p  in  length. 

Host :  Andropogon  furcatus ,  Mo.  (type) ,  Neb. 

This  seems  entitled  to  specific  rather  than  varietal  rank  since  it  is 
the  most  sharply  marked  off  of  any  of  these  closely  related  forms 
on  Andropogon.  It  is  distinguished  by  the  uniform  spores  with 

very  thick  walls.  The  germination  has  not  been  reported.  Litera¬ 
ture  :  29. 

Sorosporium  granulosum  Ell.  &  Tr. 

Sorosporium  granulosum  Ell.  &  Tr.,  Journ.  Myc.,  6  :  77.  1890. 

Soii  taking  the  piace  of  the  aborted  inflorescence,  linear,  usually 
enclosed  in  the  leaf  sheaths,  forming  an  agglutinated  brown  black 
spore  mass ;  spore  balls  reddish  to  black  brown,  usually  opaque, 
ovoid  to  spherical,  quite  firm,  composed  of  6-20  or  more  spores, 

1  Ellis  gives  spore  balls  as  :~35-150 


fj.  or  oblong  100-200  fx  X  75-80  p.. 
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chiefly  40-80  /x  in  length  ;  spores  dark  reddish  brown,  ovoid  to 
spherical  or  polyhedral,  smooth,  about  12-17  gin  length. 

Hosts:  jStipa  comata ,  Wyo.;  S.  viridula,  Col.  (type). 

The  species  has  some  points  in  common  with  TJrocystis  granulosa 
which  also  occurs  on  Stipa  as  a  host.  From  the  only  two  collec¬ 
tions  that  have  been  made  of  these  fungi,  however,  their  differences 
are  much  more  prominent  than  their  resemblances.  The  Sorospo- 
rium  has  little  or  no  evidence  of  a  sterile  layer  of  cells  surrounding 
the  spores,  while  with  the  Urocystis  these  cells  are  prominent.  The 
character  of  the  sori  and  the  number  of  spores  in  the  spore  balls 
are  also  points  of  difference.  The  spore  balls  in  each  are  firmly 
agglutinated  and  the  spores  present  no  special  points  of  difference. 
The  germination  of  this  Sorosporium  is  not  known. 

Sorosporium  Rhynchosporae  P.  Henn. 

Sorosporium  Rhynchosporae  P.  Henn.,  Hedw.,  35  :  222.  1896. 

Sori  in  ovaries,  completely  concealed  by  the  glumes,  more  or  less 
subspherical,  about  1  or  2  mm.  in  length,  forming  a  granular  black 
spore  mass ;  spore  balls  dark  reddish  to  black  brown,  opaque, 
oblong  to  subspherical,  more  or  less  angular,  rather  firmly  aggluti¬ 
nated,  usually  of  about  6-20  spores,  25-45  g  in  length ;  spores  dark 
reddish  brown,  oblong  to  spherical,  with  sides  more  or  less  angled, 
apparently  smooth  or  obscurely  verrucose,  chiefly  10-16  /x  in  length. 

Host :  Rhynchospora  semiplnmosa ,  Miss. 

This  South  American  species  has  been  reported  but  once  in  this 
country.  It  agrees  fairly  well  with  the  type  specimens.  The 
species  would  be  taken  for  a  Cintractia  if  the  spores  were  not  in 
balls.  As  yet  the  germination  has  not  been  made  out. 

Thecaphora  Fingerh. 

Linnaea,  10  :  230.  1836. 

( Poikilosporium  Diet.,  Flora,  83  :  87.  1897.) 

Type  :  Thecaphora  liyalina  Fingerh. 

Host  :  Convolvulus  septum.  Eur. 

Sori  in  various  parts  of  the  host,  often  as  indefinite  masses  in  the 
floral  parts  or  forming  rather  firm  pustules  on  the  stem,  at  maturity 
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with  a  dusty  spore  mass;  spore  balls  composed  of  few  to  many  fer¬ 
tile  cells ,  rather  permanently  united,  of  small  to  medium  large  size  ; 
spores  usually  yellowish  or  reddish ,  smooth  on  contiguous  sides  but 
usually  marked  on  free  surface;  germination,  so  far  as  known,  by 
means  of  a  single  sporidium  at  tip  of  the  elongated  septate  promy¬ 
celium. 

As  stated  before,  this  genus  is  often  confused  with  Sorosporium. 
The  yellowish  to  reddish  colored  spores,  smooth  on  their  united 
sides  but  usually  marked  on  the  free,  and  the  rather  firm  spore  balls 
are  the  general  characters  by  which  the  species  may  be  told.  Very 
few  have  been  germinated  and  so  it  cannot  be  stated  positively  that 
the  elongated  proinyfcelium  with  a  single  terminal  sporidium  is  a 
general  characteristic.  Saccardo  describes  21  species  ;  9  species  are 
reported  here,  of  which  5  occur  on  the  Compositae. 

Thecaphora  pilulaeformis  B.  &  C. 

Thecaphora  pilulaeformis  B.  &  C.,  Grev.,  3  :  58.  1874. 

Tolyposporium  Davidsonii  Diet.  &  Holw.,  Bot.  Gaz.,  19  :  305.  1894. 

Poikilosporium  Davidsohnii  Diet.,  Elora,  83:  87.  1897. 

Poecilosporium  Davidsohnii  Sacc.  &  Syd.,  Syll.  Fung.,  16  :  380.  1902. 

Sorosporium  Bigeloviae  Griff.,  Bull.  Torr.  Bot.  Club,  29 :  295.  1902. 

Exsiccati  :  Sorosporium  Bigeloviae  Griff.,  on  Bigelovia,  Griff.,  West 

Amer.  Fungi,  399. 


Sori  taking  the  place  of  the  aborted  inflorescence  or  often  at  the 
base  of  the  leaves,  subspherical,  small,  forming  firm  usually  clus¬ 
tered  pustules,  upon  dehiscence  disclosing  light  colored  spore  mass  ; 
spore  balls  somewhat  irregular,  chiefly  2-6  celled,  14-25  p  in  length  ; 
spores  yellowish,  quite  variable  through  pressure,  oblong  to  poly¬ 
hedral  or  often  three  sided  in  cross  section,  with  contiguous  sides 
flattened  and  smooth  but  with  curved  free  surface  rather  abundantly 
verruculose,  chiefly  11-16  p  in  length. 

Hosts:  Bigelovia  veneta,  Calif,  (type);  Bigelovia  sp.,  Ariz.  (type 
/ S .  Bigeloviae)  . 


1  his  species  was  first  described  as  Thecaphora  pilulaeformis  by 
Berkeley  and  Curtis  on  an  unknown  Compositae  collected  by 
Coulter  in  California.  Twenty  years  later  it  was  redescribed  as  a 
new  species  b}'  Dietel  and  Holway  on  a  supposed  species  of  Atri- 
plex  from  the  same  State.  Dietel  later  made  the  fungus  the  basis 
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of  a  new  genus,  Poikilosporium.  Recently  Griffiths  also  described 
it  as  anew  species.  McClatchie  (Proc.  S.  Calif.  Acad.  Sci.,  1:  373) 
states  that  the  host  of  the  Holway-Dietel  species  is  not  Atriplex  but 
Bigeloma  veneta.  The  writer  has  seen  the  specimen  of  T.  pilulae- 
formis  in  the  Curtis  herbarium  and  has  also  found  specimens  of  this 
same  collection  of  Coulter’s  in  the  Gray  herbarium  on  Bigeloma 
veneta ;  specimens  of  T.  Davids  onii  have  also  been  received  from 
Parish,  who  sent  this  to  Hoi  way  and  from  Davidson,  who  originally 
collected  it.  The  collections  of  Coulter  and  Davidson  are  the  same 
thing  on  the  same  host.  There  is  no  good  reason  for  considering 
this  species  the  type  of  a  new  genus.  Its  germination  is  not  yet 
known.  Literature:  29,  47,  48,  72. 

Thecaphora  Trailii  Cke. 

Thecaphora  Trailii  Cke.,  Grev.,  11  :  155.  1883. 

Thecaphora  Cirsii  Bond.,  Bull.  Soc.  Myc.  Fr.,  3  : 149.  1887. 

Schizonella  subtrifida  Ell.  &  Ev,,1  N.  A.  Fungi,  226G.  1889. 

Poikilosporium  Trailii  Vesterg.,  Micr.  liar.  Sel.,  452.  1902. 

Exsiccati :  Schizonella  subtrifida  Ell.  &  Ev.,  on  Cirsium  ochrocentrum, 

Ell.  &  Ev.,  N.  A.  Fungi,  22G6. 

Sori  apparently  rather  indefinite  in  the  flower  heads  causing 
more  or  less  abortion  and  distortion,  at  maturity  shedding  out 
reddish  or  purplish  brown  dusty  spore  mass  ;  spore  balls  chiefly 
subspherical,  composed  of  2-4  or  rarely  5  or  6  spores,  very  often 
separating  at  maturity,  about  20-30  g  in  diameter ;  spores  reddish 
brown,  usually  hemispherical  or  three  sided  or  occasionally  even 
more  irregular,  contiguous  sides  fiat  and  smooth,  free  surface 
rounded  and  provided  with  more  or  less  evident  reticulations  that 
show  at  circumference  as  rather  prominent  verruculations,  chiefly 
12-18  p.  in  length. 

Host :  Cnicus  oclirocentrus ,  Colo,  (type  8.  subtrifida). 

This  species  is  near  Thecaphora  pilulaeformis  from  which  it 
differs  in  the  character  of  the  sori  and  in  the  somewhat  larger  spores 
which  are  also  darker  colored  and  provided  with  more  prominent 
markings.  There  seems  to  be  no  good  reason  for  considering  the 
American  specimens  distinct  from  the  European.  Apparently  the 
species  has  never  been  germinated. 


1  The  first  description  was  published  in  Journ.  Myc.,  6  :  119.  1891. 
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Thecaphora  Californica  (Hark.)  Clint. 

Sorosporium  Calif ornicum  Hark.,  Bull.  Calif.  Acad.  Sci.,  1 :  161-162.  1885. 

Thecaphora  Californica  Clint.,  Journ.  Myc.,  8  :  146.  1902. 

Exsiccati:  Sorosporium  Californicum  Hark.,  on  Grindelia  robusta, 

Ell.  &  Ev.,  N.  A.  Fungi,  1495,  Rab.-Wint.,  Fungi  Eur.,  3504. 

Sori  rather  indefinite  in  the  flower  heads,  more  or  less  destroying 
the  florets  5  spore  balls  rather  firm,  chiefly  subspherical,  composed 
of  7-20  spores,  22-38  p  in  diameter ;  spores  light  yellowish  brown, 
chiefly  triangular  to  polygonal  or  subcircular  in  cross  section,  with 
contiguous  sides  flat  and  smooth  and  free  surfaces  rounded  and 
prominently  verruculose,  chiefly  11-17  p  in  length. 

Host :  Grindelia  robusta ,  Calif,  (type)  . 

The  above  species  differs  from  Thecaphora  pilulaeformis  in  the 
laiger  spore  balls  composed  of  more  numerous  and  more  regular 
spores  with  prominent  verruculations.  It  differs  from  Thecaphora 
cuneata  in  the  smaller  spore  balls  and  in  the  general  shape  of  the 
spores.  The  germination  has  not  been  reported. 

Thecaphora  cuneata  (Schof.)  Clint. 

Sorosporium  cuneatum  Schof.,  Coutr.  Bot.  Dep.  Uni.  Neb.,  3  :  48.  1892. 

Sorosporium  solidaginis  Ell.  &  Ev.,  Proc.  Acad.  Nat.  Sci.  Phila.,  1893  • 
156.  1893. 

Thecaphora  cuneata  Clint.,  Journ.  Myc.,  8  :  146.  1902. 

Exsiccati :  Sorosporium  cuneatum  Schof.,  on  Grindelia  squarrosa ,  Ell. 

&  Ev.,  N.  A.  Fungi,  3565,  Ell.  &  Ev.,  Fungi  Col.,  1282. 

Sori  rather  indefinite  in  the  flower  heads  causing  more  or  less 
abortion  and  distortion ;  spore  balls  ovoid  to  subspherical,  rather 
firm,  composed  of  numerous  (chiefly  40-75)  spores,*  40-80  p  in 
length ;  spores  reddish  brown,  in  cross  section  usually  wedge  shape, 
v  ith  outer  free  surface  rounded  and  prominently  verruculose,  chiefly 
14—22  p  in  length. 

Hosts:  Grindelia  squarrosa ,  Ivans.,  Neb.  (type);  Solidago 
Missouriensis ,  Ivans,  (type  S.  solidaginis). 

I  his  species  differs  from  Thecaphora  Californica  in  the  larger 
spoie  balls  with  more  numerous  spores  that  are  cuneate  in  cross 
section.  The  original  collection  from  Nebraska  shows  these  dif¬ 
ferences  much  more  markedly  than  that  from  Kansas.  The  writer 
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has  not  seen  the  form  on  Solidago  but  Ellis  reports  it  the  same  as 
that  on  Grindelia.  Norton  has  reported  the  germination  on  this 
latter  host.  Literature  :  129. 

Thecaphora  deformans  Dur.  &  Mont. 

Thecaphora  deformans  Dur.  &  Mont.,  Ann.  Sci.  Nat.,  Bot.,  in,  7:  110. 

1847. 

Thecaphora  Laihyri  Kuhn,  Rab.  Fungi  Eur.,  1797.  1873. 

Thecaphora  affinis  Schneid.,  Jalirb.  Schles.  Ges.  Vat.  Ivult.,  1874  :  90. 

1874. 

Sorosporium  Desmodii  Pk.,  Bot.  Gaz.,  3:  35.  1878. 

Sorosporium  Astragali  Pk.,  Bot.  Gaz.,  4:  218.  1879. 

Thecaphora  Astragali  Wor.,  Abh.  Senck.  Nat.  Ges.,  12  :  579.  1882. 

Thecaphora  Desmodii  Wor.,  Abh.  Senck.  Nat.  Ges.,  12  :  579.  1882. 

Exsiccati:  Sorosporium  Astragali  Pk.,  on  Astragalus  bisulcatus ,  Ell.  & 

Ev.,  Fungi  Col.,  136,  on  Astragalus  scopulorum,  Ell.  &  Ev.,  N.  A. 

Fungi,  2264,  on  Lupinus  sp.,  Griff.,  West  Amer.  Fungi,  331  ;  Sorosporium 

Desmodii  Pk.,  on  Desmodium  nudiflorun $,  Ell.  &  Ev.,  N.  A.  Fungi,  1100  ; 

Thecaphora  deformans  Dur.  &  Mont.,  on  Astragalus  Drummondii,  Seym.  & 

Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.,  C  49. 

Sori  in  the  seeds,  showing  when  the  legumes  are  broken  open  as 
reddish  brown  dusty  spore  masses  which  have  destroyed  most  of 
the  seeds ;  spore  balls  reddish  brown,  ovoid  to  spherical,  rather  firm, 
composed  of  3-25  (usually  7-12)  spores,  chiefly  27-60  p  in  length  ; 
spores  in  optical  section  triangular  to  polygonal  or  when  free  also 
showing  irregular  oblong  forms,  on  free  surface  provided  with 
usually  prominent  papillae  that  sometimes  vary  to  spiny  processes, 
15-25  p,  chiefly  15-20  p,  in  length. 

Hosts  :  Astragalus  bisulcatus ,  Colo. ;  A.  Drummondii ,  Colo, 
(type  S.  Astragali')  ;  A.  multiflorus,  Utah  ;  A.  Nuttallianus,  Ariz. ; 
A.  scopulorum,  Colo.;  Astragalus  sp.,  Ariz.;  Desmodium  acumin¬ 
atum ,  N.  J.  (type  jS.  Desmodii)  ;  D.  nudiflorum ,  Md.,  Penn. ; 
Ilosackia  parviflora,  Wash.;  Lotus  humistratus,  Ariz.;  Lupinus 
sp.,  Colo. ;  Trifolium  tridentatum,  Calif. ;  Vida  Americana ,  Utah. 

As  considered  here  the  various  species  reported  on  leguminous 
plants  have  been  united  into  one.  After  an  examination  of  all  of 
the  available  European  and  American  specimens  there  did  not  seem 
to  be  any  reliable  basis  for  distinguishing  these  species  on  the  dif¬ 
ferent  hosts.  The  specimens  on  Astragalus  showed  as  great 
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y  VG0I1  til 6  so  called  species.  In  the  case  of  the 
two  specimens  examined  on  Desmodium,  however,  there  were 
ceitain  difteiences  (lighter  colored  spore  balls  and  spores  that 
averaged  smaller)  which  if  constant  may  possibly  entitle  this  form 
to  varietal  rank.  The  species  is  near  Thecaphora  hyalina  from 
which  it  is  separated  by  the  uniformly  larger  spore  balls  of  more 
numerous  spores.  Brefeld  gives  the  germination  of  the  European 
form  occurring  on  Lathyrus.  Literature:  20,  29,  123. 

Thecaphora  Mexicana  Ell.  &  Ev. 

Thecaphora  Mexicana  Ell.  &  Ev.,  Journ.  Myc.,  8  :  140.  1902 

Sori  on  stems,  prominent,  forming  clustered  subglobose  pustules 
each  about  4  mm.  in  diameter,  firm,  upon  rupture  scattering  dusty 
umber  spore  mass  and  leaving  behind  the  remains  of  the  hollowed 
pustules  ;  spore  balls  light  reddish  yellow,  ovoid  to  spherical,  com¬ 
posed  of  15-30  spores  separated  by  prominent  hyaline  areas  that 
apparently  widen  with  maturity,  50-90  p  in  length  ;  spores  angular 
when  young  but  with  age  becoming  more  rounded,  irregular,  oblong 
to  polyhedral  or  subspherical,  with  distinct  inner  and  outer  coats, 
the  latter  thick  and  provided  wit!)  prominent  irregular  papillae, 
chiefly  16-22  p,  most  elongated  rarely  25  p,  in  length. 

Host :  Guardiola  platyphylla ,  Mex.  (type). 

This  very  interesting  species  was  collected  by  Dr.  Palmer  in 
Mexico,  in  1893.  y  The  pustules  are  larger  and  more  clustered  than 
those  formed  by  Thecaphora  pilulaeformis.  The  hyaline  inter- 
sporal  areas  are  peculiar  to  this  species  and  it  is  probable  that  by 
the  further  gelatinization  of  these  the  spores  become  separated. 
In  the  youngei  condition  the  spore  balls  are  found  imbedded  in  the 
prominent  semigelatinized  mycelium.  The  germination  of  the 
species  is  not  known. 

Thecaphora  tunicata  Clint,  n.  sp. 

Sori  in  the  flowers,  forming  subspherical  bodies  about  2-3  mm. 
in  diameter,  enclosed  by  the  floral  envelopes,  at  first  firm  but  later 
shedding  out  the  granular  spore  mass;  spore  balls  light  chestnut 
brown,  oblong  to  chiefly  subspherical  or  spherical,  composed  of 
many  spores,  firmly  united  (at  least  at  first) ,  chiefly  70-100  p  in 
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length  ;  spores  subhyaline  or  yellowish  tinted,  with  free  surface  at 
least  provided  with  a  prominent  deeper  colored  verrucose  epispore 
(sometimes  even  3-6  fx  thick),  quite  irregular,  chiefly  oblong  to 
subspherical,  12-18  fx  or  most  elongated  clavate  forms  even  27  fx  in 
length. 

Host:  Boerhaama  sp.,  Mex.  (type). 

The  writer  is  indebted  to  Professor  Farlow  for  specimens  of  the 
type  of  this  species  collected  by  Pringle  at  Chihuahua  in  Sept.,  1886. 
Apparently  these  are  in  a  rather  young  condition  as  many  of  the 
spore  balls  are  still  surrounded  by  a  deep  layer  of  subgelatinized 
fertile  hyphae  from  which  the  spores  have  been  formed  and 
nourished. 

Thecaphora  Thornberi  Griff. 

Thecaphora  Thornberi  Griff.,  Bull.  Torr.  Bot.  Club,  31 :  88.  1904. 

Sori  in  ovaries,  generally  clustered  in  the  inflorescence,  sub- 
spherical,  about  2-5  mm.  in  horizontal  diameter  which  usually 
slightly  exceeds  the  vertical,  upon  rupture  disclosing  reddish  granu¬ 
lar  spore  mass ;  spore  balls  light  chestnut  brown,  ovoid  to  spherical, 
rather  regular,  very  firm  (at  least  when  young),  composed  of  many 
spores,  chiefly  80-125  g  in  length  ;  outer  spores  at  least  covered 
with  an  evident  light  chestnut  colored  membrane  or  exospore  which 
is  somewhat  papillate  or  wrinkled  on  exposed  surface,  but  inner 
spores  smooth  and  apparently  hyaline,  very  irregular,  clavate  to 
subspherical,  12-18  /x,  or  most  elongated  forms  even  30  /x,  in  length. 

Host :  Cladothrix  lanuginosa,  Ariz.  (type). 

This  species  was  collected  by  Griffiths  in  the  Santa  Rita  Mountains 
near  Helvetia,  Ariz.,  where  it  was  abundant  but  was  not  seen  else¬ 
where.  Upon  crushing  the  spore  balls  the  spores  usually  separate 
from  the  colored  membrane  or  exospore  as  hyaline  cells;  apparently 
this  exospore  is  not  developed  so  prominently  on  the  inner  parts 
or  inner  spores.  These  hyaline  spores  or  cells  are  often  irregular 
in  shape  usually  somewhat  clavate.  They  appear  hardly  mature, 
as  often  the  protoplasm  is  quite  homogeneous  in  character  and  not 
sharply  marked  off  from  the  cell  wall.  The  specimens,  however, 
were  collected  in  October. 
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Thecaphora  aterrima  Tul. 

Thecaphora  aterrima  Tul.,  Ami.  Sci.  Nat.,  Bot.,  hi,  7  :  110-111.  1847. 

Sorosporium  atrum  Pk.,  Bot.  Gaz.,  5  :  35.  1880. 

Tolyposporium  aterrimum  Diet.,  Nat.  Pflanzenf.,  li  *  *  ;  14.  1897. 

Sori  rather  indefinite,  at  inner  base  of  bracts  of  staminate  spikes, 
hidden  from  view  but  on  removal  of  bracts  showing  as  black  granu¬ 
lar  spore  masses,  more  rarely  filling  the  perigynia  (according  to 
Peck)  ;  spore  balls  usually  black  browm,  opaque,  ovoid  to  spherical, 
firm,  composed  of  2-12  or  rarely  more  spores,  17-35  p ,  rarely  50  p, 
in  length  ;  spores  dark  reddish  brown,  triangular,  semipolygonal  or 
semicircular  in  cross  section,  more  or  less  obscurely  papillate  on  free 
surface,  chiefly  10-16  p  in  length. 

Hosts.  ( arex  adusta ,  la.  ;  O.  Pennsylvania,  Colo,  (type  S. 
atrum),  Ivans. ;  Car  ex  sp.,  Ia. 

1  he  writer  has  not  seen  specimens  of  this  occurring  in  the  perigy¬ 
nia,  as  described  by  Peck.  There  seems  to  be  no  good  reason  for 
keeping  his  species  distinct  from  the  European  one.  There  is  some 
question  as  to  the  generic  position  of  this  species,  Dietel,  for 
instance,  placing  it  under  Tolyposporium.  Its  germination  has  been 
reported  by  Cocconi.  Literature  :  33. 

Tolyposporella  Atks. 

Bull.  Corn.  Uni.,  31  :  16.  1897. 

Type  :  Tolyposporella  Chrysopogonis  Atks. 

Host :  Chrysopogon  nutans.  Ala. 

Soii  usually  on  the  leaves,  forming  a  black  granular  agglutinated 
L  ooting }  spore  balls  variable ,  sometimes  indefinite  ;  spores  dark 
coloied  provided  with  a  very  thick ,  often  sac-like  epispore,  usually 
of  medium  size;  germination  by  a  branched  septate  promycelium 
producing  single  lateral  sporidia. 

The  dark  colored  spores  with  a  very  thick  epispore  and  the  sori 
coating  the  infected  surfaces  are  leading  characteristics.  The  union 
of  the  spores  into  definite  spore  balls  occurs  only  in  the  type  species 
of  the  three  given.  The  germination  is  known  only  of  the  type. 
So  far  the  genus  includes  only  the  3  species  described  here. 
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Tolyposporella  Chrysopogonis  Atks. 

Tolyposporella  chrysopogonis  Atks.,  Bull.  Corn.  Uni.,  31 :  16.  1897. 

Exsiccati:  Tolyposporella  chrysopogonis  Atks.,  on  Chrysopogon  nutans, 

Barth.,  Ell.,  &  Ev.,  Fungi  Col.,  1686. 

Sori  on  inner  surface  of  leaf  sheaths  by  which  they  are  concealed, 
forming  linear  more  or  less  merged  striae  of  black  granular-agglu- 
tinated  spores  ;  spore  balls  black,  opaque,  more  or  less  irregular, 
oblong  to  spherical,  of  many  firmly  agglutinated  spores,  50-175  p  in 
length ;  spores  dark  brown,  chiefly  subspherical  or  occasionally 
somewhat  flattened,  surrounded  by  a  very  prominently  swollen  and 
less  deeply  tinted  sac-like  envelope  (of  variable  width  and  more  or 
less  sharply  marked  off  from  an  inner  dark  thin  layer)  smooth, 
chiefly  9-12  p  in  diameter  exclusive  of  the  envelope. 

Host :  Chrysopogon  nutans ,  Ala.  (type),  Tex. 

This  is  the  species  upon  which  Atkinson  founded  the  genus. 
The  peculiar  sac-like  envelope  by  which  the  spores  are  surrounded 
and  which  serves  to  bind  them  together  is  probably  only  the  swollen 
remains  of  the  fertile  hyphae  though  possibly  it  is  a  true  epispore. 
It  constitutes  the  chief  characteristic  of  the  genus.  Atkinson  has 
described  the  germination  of  the  species.  Literature:  11. 

Tolyposporella  Brunkii  (Ell.  &  Gall.)  Clint. 

Ustilago  ( Sorosporium  ?)  Brunkii  Ell.  &  Gall.,  Journ.  Myc.,  6:  31.  1890. 

Ustilago  apiculata  Ell.  &  Gall.,1  Tex.  Agr.  Exp.  Sta.  Bull.,  9  :  29.  1890. 

Tolyposporella  Brunkii  Clint.,  Journ.  Myc.,  8:  147.  1902. 

Exsiccati :  Ustilago  Brunkii  Ell.  &  Gall.,  on  Andropogon  perforatus ,  Syd., 

Ust.,  204. 

Sori  on  inner  surface  of  leaf  sheaths  though  often  showing 
through,  forming  short  linear  striae  usually  so  thickly  placed  as  to 
become  merged  into  a  coating  of  black  granular  spores ;  spores  of 
different  stages  of  development  (the  younger  smaller  and  light  olive, 
the  older  often  opaque  and  olive  black),  more  or  less  agglutinated 
but  not  in  definite  spore  balls,  chiefly  subspherical  or  spherical, 
obscurely  granular,  with  rather  uniformly  thickened  epispore  (2—4  p) 

1  Listed  by  Jennings  as  a  n.  sp.  with  a  note  but  no  description  given. 
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which  often  shows  faint  concentric  layers  (innermost  often  marked 
off  as  an  apparent  endospore),  chiefly  10-19  fx  in  diameter. 

Hosts :  Andropogon  argenteus ,  Tex.  (type)  ;  A.  hirtiflorus  var. 
pubiflorus ,  Mex.  ;  A.  perforatus,  Mex. ;  A.  saccharoides ,  Tex., 
Mex. ;  A.  saccharoides  var.  leucopogon ,  Mex.  (Chapala,  Jalisco). 

This  species  is  related  through  its  very  thick  but  much  more  reg¬ 
ular  epispore  to  Tolyposporella  Chrysopogonis  though  it  does  not 
form  the  definite  spore  balls  of  that  species.  Its  spores  have  con¬ 
siderable  resemblance  to  Kuntzeomyces  ustilaginoideus ,  but  upon 
pressure  the  outer  coat  does  not  break  open  and  let  out  the  unrup¬ 
tured  spore  as  does  that  species,  but  the  fissure  extends  clear 
through  the  spore.  Kuntzeomyces  also  occurs  in  the  ovaries  and 
has  its  spore  mass  enclosed  by  a  false  membrane  of  sterile  fungous 
cells.  The  germination  of  T.  Brunkii  is  not  known. 

Tolyposporella?  Nolinae  Clint,  n.  sp. 

Sori  on  the  leaves,  usually  so  crowded  as  to  form  a  continuous 
and  very  conspicuous  stratum  of  agglutinated  black  granular  spores 
over  the  greater  part  of  their  surface  ;  spore  balls  rather  indefinite, 
often  apparently  of  two,  three,  or  four  spores  adhering  in  various 
ways  and  often  separating  into  single  spores ;  spores  olive  black, 
oblong  or  ovoid  to  spherical,  flattened  where  in  contact,  with  thick 
smooth  epispore,  chiefly  11-18  /x  in  length. 

Host:  JVolina  micro carpa,  Ariz.  (type). 

The  single  collection  of  this  known  to  the  writer  is  in  Professor 
Farlow’s  herbarium,  coming  originally  from  the  Gray  herbarium. 
The  specimen  was  collected  in  the  mountains  of  Arizona  in  1884. 
The  whole  plant  was  rather  completely  covered  with  the  very  evi¬ 
dent  agglutinated  spores.  Cross  sections  of  this  material  seem  to 
indicate  that  the  spores  were  formed  on  the  surface  of  the  leaves. 
They  also  appear  to  be  formed  from  a  gelatinized  mycelium 
which  would  indicate  that  the  species  is  a  true  smut  rather  than 
a  Hyphomycete.  The  character  of  the  sorus  and  the  thick  wall 
of  the  spores  suggest  a  possible  relationship  to  Tolyposporella 
Brunkii,  though  as  yet  the  generic  position  is  uncertain.  It  is 
hoped  that  further  information  may  be  gained  from  future  collec¬ 
tions  now  that  the  species  has  been  described.  The  spores  have  not 
been  germinated. 
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Tolyposporium  Wor. 

Abh.  Senck.  Nat.  Ges.,  12:  577.  1882. 

Type:  Tolyposporium  Junci  { Schrot)  Wor. 

Host:  Juncus  bufonius.  Germ. 

Sori  usually  in  the  inflorescence,  more  especially  in  the  ovaries, 
forming  a  granular  spore  mass  at  maturity  ;  spore  balls  dark  colored, 
composed  of  numerous  spores  permanently  united ,  of  medium  size  ; 
spores  bound  together  by  ridged  folds  or  thickenings  of  their  outer 
walls ,  of  small  to  medium  size  ;  germination  about  as  in  Ustilago. 

This  genus  is  characterized  by  the  very  firm  spore  balls  whose 
individual  spores  are  bound  together  by  ridged  folds  or  thickenings 
of  their  outer  darker  colored  coats.  Upon  rupture,  by  pressure,  of 
the  spore  balls  these  ridges  often  show  as  reticulations  or  as  spine¬ 
like  processes  at  the  margins  of  the  lighter  colored  spores.  Sac- 
cardo  describes  thirteen  species,  some  of  which  very  likely  belong 
under  Sorosporium.  The  hosts  are  chiefly  among  the  Gramineae. 
Only  two  species  have  been  reported  from  North  America. 

Tolyposporium  bullatum  (Schrot.)  Schrot. 

Sorosporium  bullatum  Sclirot.,  Abli.  Scliles.  Ges.,  Abtli.  Nat.  Med., 
1869-72:  6.  1869. 

Tolyposporium  bullatum  Schrot.,  Krypt.  FI.  Schles.,  31  :  276.  1887. 

Exsiccati :  Sorosporium  bullatum  Schrot.,  on  Panicum  Crus-galli ,  Ell. 

N.  A.  Fungi,  295  ;  Tolyposporium  bullatum  (Schrot.)  Schrot.,  on  Panicum 

Crus-galli,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  53. 

Sori  in  ovaries,  ovate,  about  3-5  mm.  in  length,  covered  with  a 
greenish  smooth  membrane,  upon  rupture  of  which  the  black  granu¬ 
lar  spore  mass  becomes  scattered;  spore  balls  black,  opaque,  oblong 
to  spherical  or  polyhedral,  usually  containing  100  or  more  firmly 
agglutinated  spores,  chiefly  50-1(30  p  in  length;  spores  semihyaline 
to  light  reddish  brown,  covered  with  a  thin  tinted  outer  coat  more 
or  less  folded  in  ridges  by  which  the  spores  are  bound  together  and 
which  on  rupture  of  spore  balls  often  show  as  spiny  projections  at 
spore  margin,  usually  ovoid  to  subspherical  or  polyhedral,  7-12  p, 
or  rarely  most  elongated  14  p,  in  length. 
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Host:  Panicum  Crus-galli,  Conn.,  Ia.,  Ill.,  Mass.,  N.  Car. 

This  species  is  sometimes  found  on  the  same  host  plant  with  Usti- 
lago  sphaerogena  which  also  occurs  in  the  ovaries.  Brefeld  and 
Setchell  have  described  the  germination  of  the  spores.  The  smut 
evidently  has  a  much  wider  distribution  than  that  given,  as  the 
writer  himself  has  collected  it  in  four  of  the  above  States.  Liter¬ 
ature :  28,  162. 

Tolyposporium  Eriocauli  Clint. 

Tolyposporium  Eriocauli  Clint.,  Rhodora,  3  :  82.  1901. 

Exsiccati :  Tolyposporium  Eriocauli  Clint.,  on  Eriocaulon  septangulare, 
Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  54. 

Sori  in  ovaries,  ovoid,  somewhat  two  lobed,  1-2  mm.  in  length, 
very  inconspicuous  in  the  infected  heads,  covered  by  a  grayish 
membrane  which  on  rupture  discloses  the  granular,  spore  mass; 
spore  balls  black,  perfectly  opaque,  irregularly  oblong  to  subspheri- 
cal,  frequently  somewhat  angled,  firm,  cpmposed  of  many  spores, 
65-275  p  in  length;  spores  light  colored,  subspherical  to  spherical, 
adhering  together  by  dark  folds  of  their  outer  membrane  which  on 
rupture  of  balls  shows  as  reticulations  or  spine-like  processes  or 
even  becomes  entirely  detached,  8-11  p  in  diameter  exclusive  of 
processes. 

Host:  Eriocaulon  septangulare ,  Mass,  (type),  N.  H. 

This  species  differs  from  Tolyposporium  bullatum ,  the  only  other 
species  of  this  genus  reported  from  North  America,  in  the  smaller 
sori  and  uniformly  spherical  spores,  which  have  darker  more  evi¬ 
dent  folds  in  their  outer  coat.  The  germination  has  been  reported 
by  the  writer.  Literature  :  28. 

Testicularia  Klotz. 

« 

Linnaea,  7  :  202.  1832. 

{Miller ia  Pk.,  Ann.  Rep.  N.  Y.  St.  Mus  Nat.  Hist.,  31  •  40.  1879.) 

Type  :  Testicularia  Cyperi  Klotz. 

Host :  Cyperaceae.  N.  Amer. 

♦ 

Sori  in  the  inflorescence,  possibly  limited  to  the  ovaries,  forming 


CLINTON:  NORTH  AMERICAN  USTILAGINEAE. 


429 


a  conspicuous  agglutinated  spore  mass ,  provided  with  an  evident 
false  membrane;  spore  balls  composed  of  an  external  layer  of  fer¬ 
tile  cells  within  which  is  a  central  mass  of  sterile  parenchymatous 
cells ,  of  large  size ;  spores  dark  colored,  apparently  dehiscing  in 
time,  of  medium  size  ;  germination  unknown. 

This  genus  has  only  one  species,  with  a  variety,  the  second  spe¬ 
cies  placed  under  it  by  Cornu  apparently  not  belonging  here.  The 
spores  and  sorus  are  much  like  those  of  Cintractia,  and  so  the  genus 
is  placed  under  the  Ustilaginaceae,  though  its  germination  is  not 
known.  At  first  the  spore  balls  are  firmly  agglutinated  by  inter¬ 
vening  fungous  threads,  but  later  by  further  gelatinization  of  these 
the  sorus  may  become  granular. 

Testicularia  Cyperi  Klotz. 

Testicularia  Cyperi  Ivlotz.,  Linnaea,  7  :  202.  1832. 

Milleria  herbatica  Pk.,  Ann.  Rep.  N.  Y.  St.  Mus.  Nat.  Hist.,  31  :  40.  1879. 

Exsiccati :  Milleria  herbatica  Pk.,  on  Rhynchospora  macrostachya,  Ell., 

N.  A.  Fungi,  805. 

Sori  at  the  base  of  the  spikelets  of  the  inflorescence,  apparently  in 
the  ovaries,  one  to  several,  forming  conspicuous  ovoid  to  subspheri- 
cal  tumors  about  5-15  mm.  in  length,  covered  with  a  thick  whitish 
false  membrane  that  ruptures  irregularly  at  apex  and  discloses  a 
usually  firmly  agglutinated  black  granular  spore  mass ;  false  mem¬ 
brane  composed  of  hyaline  chiefly  subspherical  sterile  cells  rather 
firmly  bound  together,  about  11-17  /x  in  diameter,  often  semigelatin- 
ized;  spore  balls  black,  chiefly  ovoid  to  subspherical,  composed  of  a 
superficial  layer  of  numerous  spores  and  an  internal  mass  of  thin 
walled  semihyaline  or  brownish  sterile  cells  averaging  slightly 
smaller  than  the  spores,  160-375  p  in  length;  spores  with  very 
thick  opaque  wall  having  lighter  colored  reddish  brown  central  part, 
chiefly  ovoid  to  spherical,  smooth  or  slightly  granular,  13-16  p  in 
length. 

Hosts  :  Rhynchospora  macrostachya ,  N.  Y.  (type  M.  herbatica)  ; 
Cyperaceae ,  N.  Amer.  (type) . 

This  is  one  of  the  most  interesting  of  the  Ustilagineae  both  on 
account  of  its  spore  structure  and  because  of  its  rarity.  It  was 
originally  described  by  Klotzsch  in  1832  from  material  in  the 
Hooker  herbarium  collected  in  North  America  and  was  made  by 
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him  the  basis  of  a  new  genus.  Peck  again  described  it  in  1879  as 
a  new  genus,  Milleria,  placing  it  with  the  puffballs  and  naming  it 
after  its  discoverer,  Miller,  who  found  it  along  Wading  River,  Long 
Island.  Although  it  has  been  looked  for  several  times  since  it  has 
never  been  found.  Cornu,  in  1883,  described  and  figured  the  spore 
structure,  and  the  same  year  Cooke  called  attention  to  the  identity 
of  the  two  species,  having  compared  types  of  each.  The  germina¬ 
tion  of  the  spores  has  never  been  reported.  Literature  :  36,  38,  39, 
99,  138. 

Tilletiaceae  Schrot. 

Ivrypt.  FI.  Schles.,  31 :  276.  1887. 

Sori  either  forming  dusty  erumpent  spore  masses  or  else  perma¬ 
nently  imbedded  in  the  tissues.  Germination  by  means  of  a  short 
promycelium  which  usually  gives  rise  to  a  terminal  cluster  of  elon¬ 
gated  sporidia  that,  with  or  without  fusing  in  pairs,  produce  similar 
or  dissimilar  secondary  sporidia  or  germinate  directly  inta  infection 
threads. 


Key  to  Genera. 

i.  Spores  single. 

A.  Sori  dusty  at  maturity. 

1.  Spores  without  conspicuous  hyaline  appendage  Tilletia 

2.  Spores  with  elongated  hyaline  appendage  .  Neovossia 

B.  Sori  permanently  imbedded  in  the  tissues  .  Entyloma 

ii.  Spores  in  balls. 

A.  Sori  dusty.  Spore  balls  with  sterile  cortex  .  Urocystis 

B.  Sori  rather  permanently  embedded  in  tissues. 

1.  Spore  balls  without  sterile  cortex, 

a.  Consisting  entirely  of  dark  colored  spores 

Tuburcinia 

b.  Consisting  of  light  colored  spores, 

With  or  without  central  sterile  cells  .  Burrillia 
With  central  network  of  filaments  .  Tracy  a 

2.  Spore  balls  with  sterile  cortex  .  .  Doassansia 

These  genera  rather^ aturally  fall  into  two  groups,  of  which 
Tilletia,  Neovossia,  Tuburcinia,  and  Urocystis  constitute  one,  hav- 
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ing  usually  dusty  sori  with  dark  colored  spores;  and  Entyloma,  Bur- 
rillia,  Doassansia,  and  Tracya  the  other,  characterized  by  the  pres¬ 
ence,  usually,  of  sori  embedded  permanently  in  the  tissues,  and 
light  colored  spores.  The  eight  genera  include  seventy-three  species 
and  three  varieties  from  North  America. 

Tilletia  Tul. 

Ann.  Sci.  Nat.,  Bot.,  in,  7  :  112-113.  1847. 

Type :  Tilletia  Caries  Tul.1 

Host :  Triticum  vulgare,  etc.  Eur. 

Sori  in  various  parts  of  the  hosts,  usually  in  the  ovaries,  forming 
a  dusty  spore  mass  ;  spores  simple ,  usually  formed  singly  in  the  ends 
of  the  mycelial  threads  that  disappear  more  or  less  completely 
through  gelatinization ,  of  medium  to  large  size ;  germination  usually 
by  a  short  promycelium  which  bears  a  terminal  cluster  of  elongated 
sporidia  that  with  or  without  fusing  in  pairs  may,  in  nutrient  solu¬ 
tions,  give  rise  to  a  considerable  mycelium  bearing  secondary  air- 
sporidia. 

The  germination  distinguishes  this  genus  from  Ustilago  ;  it  bears 
the  same  relationship  to  the  Tilletiaceae  that  Ustilago  does  to  the 
Ustilaginaceae.  Many  of  the  species,  however,  have  never  been 
germinated  but  have  been  placed  here  because  of  their  large  usually 
regular  spores,  which  characters  serve  in  general  to  distinguish 
them  from  Ustilago.  Attention  should  be  called  to  the  hyaline 
sterile  cells  present  in  some  species,  evidently  in  some  cases  corre¬ 
sponding  to  undeveloped  spores  ;  and  to  the  hyaline  membrane  usu¬ 
ally  more  or  less  evident,  apparently  the  remains  of  the  investing 
fertile  liypha.  In  many  of  the  species  the  spore  masses  have  an 
evident  foetid  odor.  They  are  almost  entirely  confined  to  the 
Gramineae,  some  of  the  species  causing  serious  loss  to  the  cultivated 
cereals.  Saccardo  records  53  species;  19  species  are  found  in  North 
America. 

1  Tulasne’s  T.  Caries  included  other  species  of  Tilletia  besides  the  Tilletia 
Tritici  of  to-day,  though  this  may  properly  be  considered  the  type. 
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*  Spores  smooth. 

Tilletia  foetens  (13.  &  C.)  Trel. 

Ustilago  foetens  B.  &  C.,  Rav.  Fungi  Car.,  v,  100.  1860. 

Tilletia  laevis1  Kuhn,  Rab.  Fungi  Eur.,  1697.  1873. 

Tilletia  foetens  Trel.,  Par.  Fungi  Wise.,  35.  1884. 

Exsiccati :  Tilletia  foetens  (B.  &  C.)  Trel.,  on  Triticum  vulgare,  Seym.  & 
Earle,  Econ.  Fungi,  Clinton  Ust.  Supp.,  C  50,  C  51,  Griff.,  West  Arner.  Fungi, 
28,  28a,  28b;  Tilletia  laevis  Kuhn,  on  Triticum  vulgare,  Ell.,  N.  A.  Fungi, ' 
1497,  Seym.  &  Earle,  Econ.  Fungi,  79;  Tilletia  Tritici  (Bjerk.)  Wint.,  on 
Turkish  winter  wheat,  Ell.  &  Ev.,  N.  A.  Fungi,  3236,  Ell.  &  Ev.,  Fungi 

Col-,647  ;  l  stilago  foetens  B.  &  C.,  on  Triticum  vulgare ,  Rav.,  Funo-i  Car 
v,  100.  & 

Soii  in  ovaries,  ovate  or  oblong,  5—8  mm.  in  length,  more  or  less 
concealed  by  the  glumes,  all  or  only  part  of  the  ovaries  of  a  spike 
infected ;  spores  light  to  dark  brown,  oblong  to  chiefly  subspherical 
or  spherical,  occasionally  somewhat  angular,  foetid  especially  when 
young,  smooth,  chiefly  16-22  /a,  most  elongated  rarely  28/*,  in  length. 

Host:  Triticum  vulgare ,  Colo.,  Ia.,  Ind.,  Ill.,  Kans.,’  Ky.,  Md., 
Mass.,  Mich.,  Minn.,  Mont.,  Neb.,  N.  Car.  (type),  N.  Dak.,  N.  jJ 
Ohio,  S.  Dak.,  Wis.,  Wyo.;  Manit.,  N.  W.  Ter. 

In  ceitain  parts  of  North  America,  especially  in  the  northwest 
United  States  and  the  adjacent  parts  of  Canada,  this  fungus, 
together  with  T.  Tritici ,  does  considerable  damage  to  wheat."  It 
can  be  prevented,  however,  by  the  various  methods  of  seed  treat¬ 
ment.  1  he  germination  of  the  spores  has  been  reported  by  Wolff, 
Clinton,  and  others.  Literature:  5,  6,  17,  18,  19,27,  67  77  78  92* 
93,  96,  106,  145,  202. 


*  *  Spores  reticulate. 

Tilletia  Tritici  (Bjerk.)  Wint. 

Lycoperdon  Tritici  Bjerk.,  Act.  Suec.  Ann.,  326.  1775. 

Uredo  caries  DC.,  FI.  Fr.,  6:  78.  1815. 

Caeoma  segetum  Nees,  Syst.  Pilze,  1  :  14.  t.  1,  f.  7.  1817. 

Uredo  sitophila  Ditm.,  Sturm’s  Deutsch  FI.,  m,  1  :  69.  1817 

Uredo  foetida  Bauer,  Ann.  Sci.  Nat.,  i,  2:  167.  1824. 


I  he  specimen  of  this  in-* the  Harvard  cryptogamic 
with  Tilletia  Tritici.  It  is  also  described  in  Hedw.,  12  : 


herbarium  is  mixed 
152.  1873. 
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Caeoma  sitophilum  Lk.,  Sp.  PL,  62  :  2.  1825. 

Erysibe  foetida  Wallr.,  El.  Crypt.  Germ.,  2  :  213.  1833. 

Tilletia  Caries  Till.,  Ann.  Sci.  Nat.,  Bot.,  hi,  7  :  113.  1847.  p.  p. 

Ustilago  sitophila  Bonord.,  Kennt.  Con.  Crypt.,  27.  1860. 

Tilletia  Tritici  Wint.,  Rab.  Krypt.  FI.,  I1:  110.  1881. 

Sori  in  ovaries,  ovate  to  oblong,  5-8  mm.  in  length,  more  or  less 
concealed  by  the  glumes  ;  spores  chiefly  subspherical  or  spherical, 
light  to  dark  brown,  with  winged  reticulations  about  1  /x  high  by 
2-4  p,  wide,  16-22  /x  in  diameter. 

Host:  Triticum  vulgare,  Ariz.,  Ia„  Kans.,  Mich.,  Minn.,  Mont., 
Nev.,  N.  J.,  Ohio,  W.  Ya.  (reported  on  the  leaves),  Wash. 

This  sometimes  occurs  in  the  same  spikes  of  wheat  with  Tilletia 
foetens  but  apparently  is  not  as  common  as  that  species.  Its  germi¬ 
nation  has  been  described  by  Kuhn,  Tulasne,  and  Brefeld.  Litera¬ 
ture  :  20,  41,  77,  103,  122,  141,  187. 

Tilletia  Anthoxanthi  Blytt. 

Tilletia  Anthoxanthi  Blytt,  Christ.  Vid.  Selsk.  Forh.,  n.  6,  1896 :  31.  1896. 

Sori  in  the  ovaries,  chiefly  ovate,  about  3  mm.  in  length,  usually 
infecting  all  of  the  flowers  of  the  spike  and  showing  somewhat 
between  the  glumes,  upon  rupture  disclosing  dusty  reddish  black 
spore  mass ;  sterile  hyaline  cells  chiefly  smaller  than  the  spores, 
with  thin  to  medium  thick  walls ;  spores  reddish  brown,  ovoid  to 
spherical,  with  usually  rather  regular  reticulations  (3-6  ^projecting 
as  winged  margin  1-3  g) ,  24-30  /x,  or  occasionally  even  34  /x,  in 
length. 

Host :  Anthoxanthum  adoration,  Conn. 

This  species  was  originally  described  from  Norway  by  Blytt  and 
has  been  issued  as  no.  277  of  Vest.  Micr.  Rar.  Sel.  It  was  found 
in  July,  1902,  by  the  writer  at  New  Haven,  Conn.,  this  being  the 
only  reported  collection  from  North  America.  The  infected  heads 
are  not  very  different  in  appearance  from  the  sound,  and  careful 
searching  was  necessary  to  discover  these.  The  germination  of  the 
species  has,  apparently,  not  been  reported.  Literature  16,  29. 

Tilletia  Elymi  Diet.  &  Holw. 

Tilletia  Elymi  Diet.  &  Holw.,  Bot.  Gaz.,  19  :  305.  1894. 

Exsiccati :  Tilletia  elymi  Diet.  &  Holw.,  on Elymus  glaucus ,  Griff.,  West 

Amer.  Fungi,  203,  Ell.  &  Ev.,  Fungi  Col.,  1486. 
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bori  in  ovaries,  oblong,  about  5  or  6  mm.  in  length,  showing  be¬ 
tween  the  glumes,  upon  rupture  disclosing  dark  reddish  brown  dusty 
spore  mass;  spores  foetid,  showing  different  stages  of  development, 
with  youngest  as  hyaline  cells  smaller  than  the  mature  spores  which 
are  chestnut  brown,  chiefly  subspherical  or  spherical,  provided  with 
evident  often  regular  polygonal  reticulations  (in  some  varying  to 
irregularly  elongated  or  somewhat  cerebriform)  which  show  at  cir¬ 
cumference  as  more  or  less  evident  winged  projections  1-3  /x  in 
height,  23-28  /x  in  diameter. 

Hosts:  Elymus glaucus,  Mont.;  Elymus  sp.,  Wash.  (type). 

Type  specimens  of  this  species  obtained  from  Ilolwav  have  many 
of  the  spores  with  irregular  or  even  cerebriform  reticulations  show¬ 
ing  the  species  to  be  very  closely  related  to  Tilletia  cerebrinci.  The 
specimens  that  have  been  issued  in  exsiccati,  however,  have  spores 
with  much  more  regular  reticulations.  Massee  considers  the  species 
near  Tilletia  controversa.  Its  germination  has  not  been  reported. 

Tilletia  cerebrina  Ell.  &  Ev. 

Tilletia  cerebrina  Ell.  &  Ev.,  Journ.  Myc.,  3  :  56.  1887. 

Sori  in  ovaries,  ovoid,  1—2  mm.  in  length,  showing  somewhat 
through  the  glumes  ;  sterile  cells  hyaline,  smaller  than  the  spores, 
with  medium  thick  walls;  spores  rather  dark  reddish  brown,  chiefly 
ovoid  to  spherical,  with  prominent  polygonal  or  irregularly  elon¬ 
gated  or  even  cerebriform  reticulations  often  ending:  in  free  ridsres 
and  at  circumference  showing  as  projections  (1-2.5  fx  extending  out 
to  enveloping  membrane),  chiefly  24-30  /x  in  length. 

Host:  Deschampsia  caespitosa ,  Rocky  Mts.  (type). 

Tilletia  Airae  Blytt,  may  be  only  a  variation  of  this  species. 
Bor  the  present,  however,  the  specimens  on  Deschampsia  calycina 
have  been  placed  under  that  species.  This  species  has  not  been 
germinated. 

Tilletia  Airae  Blytt. 

Tilletia  Airae  Blytt,  Christ.  Vid.  Selsk.  Forh.,  n.  6,  1896  :  31.  1896. 

Sori  and  spores  same  as  in  Tilletia  cerebrina,  except  reticulations 
of  spores  regular  instead  of  cerebriform. 

Host :  Deschampsia  calycina ,  Ore.,  Wash. 
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The  above  specimens  received  from  Griffiths  and  Piper  differ 
from  the  type  specimens  of  Tilletia  cerebrina  in  having  the  winged 
reticulations  of  the  spores  regular  instead  of  often  being  cerebriform. 
In  this  respect  they  agree  with  Tilletia  Airae  Blytt,  which  was 
described  as  distinct  from  T.  cerebrina  chiefly  on  this  difference. 
The  writer  has  not  seen  European  specimens  of  T.  Airae  and  is  not 
sure  that  it  is  entitled  to  specific  difference,  but  for  the  present  has 
placed  it  here  with  that  rank.  The  different  specimens  of  Tilletia 
Elymi  vary  somewhat  as  to  the  reticulation  of  the  spores  and  so  this 
may  possibly  be  only  an  extreme  variation  of  Tilletia  cerebrina. 
Literature  :  16. 

/ 

Tilletia  montana  Ell.  &  Ev. 

Tilletia  montana  Ell.  &  Ev. ,  Journ.  Myc.,  3:  55.  1887. 

Exsiccati :  Tilletia  asperifolia  Ell.  &  Ev., 1  on  Sporobolus  simplex,  Griff., 
West  Amer.  Fungi,  226. 

Sori  in  ovaries,  ovoid,  about  1  mm.  long,  showing  somewhat 
between  and  also  slightly  through  the  enveloping  glumes  ;  sterile 
cells  hyaline,  usually  smaller  than  the  spores,  not  very  numerous, 
with  thick  wall  ;  spores  reddish  brown,  ovoid  to  spherical,  with 
evident  hyaline  enveloping  membrane  about  2-3  /x  from  spore 
having  a  papilla  or  thread  of  detachment  at  one  side,  with  reticula¬ 
tions  of  wall  somewhat  irregular  forming  polygonal  or  sometimes 
more  elongated  areas  and  occasionally  with  free  ridges  projecting 
into  these,  with  the  reticulations  showing  at  circumference  as 
straight  projecting  spines,  17-25  fx  in  length. 

Hosts  :  Redfieldia  flexuosa , 2  Neb. ;  Sporobolus  gracillimus , 
Rocky  Mts.  (type)  ;  S.  simplex /  Mont. 

The  writer  has  seen  the  type  collection  of  this  species  and  this 
appears  quite  distinct  from  Tilletia,  asperifolia  which  also  occurs  on 
Sporobolus  and  which  Massee  considers  the  same  as  this  species. 
The  differences  noted  may  be  due  possibly  to  the  young  condition 
of  the  specimen  that  was  examined  though  this  seems  hardly  prob¬ 
able.  Tilletia  zonata  of  Brefeld  has  not  been  seen  and  while  it 

1  This  specimen  seems  to  agree  better  with  the  species  described  here  than 
with  T.  asperifolia.  The  reticulations  of  the  spores  are  rather  obscure. 

'l  The  writer  has  not  seen  specimens  on  this  host. 
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occurs  on  Sporobolus  and  the  general  characters  are  similar  to  the 
species  described  here  the  measurements  given  for  the  spores  are 
smaller.  The  germination  of  Tilletia  monta?ia  is  not  known. 

Tilletia  fusca  Ell.  &  Ev. 

Tilletia  fusca  Ell.  &  Ev.,  Journ.  Myc.,  3:  55.  1887. 

Exsiccati:  Tilletia  fusca  Ell.  &  Ev.,  on  Festuca  octojlora ,  Griff.,  West 

Amer.  Fungi,  202,  202a. 

Sori  in  ovaries,  oblong,  3—5  mm.  long,  usually  showing  plainly 
between  the  glumes  ;  sterile  cells  hyaline,  ovoid  to  spherical,  com¬ 
paratively  thin  walled,  small,  about  14—20  /x  in  length  ;  spores 
medium  dark  reddish  brown,  chiefly  ovoid  to  spherical,  occasionally 
slightly  angled,  with  prominent  chiefly  regular  reticulations  (1-4  fx 
wide)  showing  at  circumference  as  short  blunt  projections  (1  /x  high 
about)  so  that  the  enveloping  membrane  usually  closely  invests  the 
spore,  chiefly  20-25  fx  in  length. 

Hosts :  Festuca  microstacliya ,  Rocky  Mts.  (type),  Wash. ;  F. 
tenella,  Ida.,  Mont.,  Ore.,  Wash.,  Wyo. 

Under  this  name  Massee  includes  this  species  and  Tilletia  asperi- 
folia  and  Tilletia  inontaiia.  The  sorus,  however,  is  considerably 
more  elongated  than  that  of  either  of  the  others  and  there  are  also 
differences  in  the  spores  and  sterile  cells  of  the  three  species.  The 
germination  of  none  of  them  is  known.  Fstilago  Mulfordiana  is 
sometimes  found  in  the  basal  parts  of  the  same  plants  having 
T.  fusca  in  the  ovaries.  Literature:  72,  73. 

Tilletia  asperifolia  Ell.  &  Ev. 

Tilletia  asperifolia  Ell.  &  Ev.,  Journ.  Myc.,  3  :  55.  1887. 

Soii  in  ovaries,  ovoid,  about  1  mm.  in  length,  showing  somewhat 
through  and  between  the  hyaline  enveloping  glumes,  usually 
occurring  in  all  of  the  spikelets  ;  sterile  cells  hyaline,  chiefly  ovoid 
to  subspherical,  with  very  thick  (occasionally  even  8  fx )  indistinctly 
laminate  walls  and  central  oil  or  granular  contents,  large,  usually 
25— 08  fx  in  length ;  spores  reddish  brown,  chiefly  ovoid  to  spherical, 
occasionally  more  elongated  or  somewhat  angular,  with  rather 
legulai  polygonal  reticulations  that  are  about  2—3  fx  wide  extending 
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out  at  the  circumference  about  1  /x  so  that  the  enveloping  membrane 
is  rather  closely  applied  chiefly  17-22  /x,  rarely  25  /x,  in  length. 

Host :  fiporobolus  asperifolius,  Ariz.,  Colo.,  Mont.,  Nev.,  N.  Mex., 
Ore.,  Rocky  Mts.  (type),  Wash.,  Wyo. 

The  large  thick  walled  sterile  cells  are  quite  striking  in  appear¬ 
ance  and  are  one  of  the  chief  characters  that  distinguish  this  species 
from  both  Tilletia  fusca  and  Tilletia  montana.  The  germination 
of  the  spores  is  not  known. 

*  *  *  Spores  verruculose. 

Tilletia  Maclagani  (Berk.)  Clint. 

Ustilago  Maclagani  Berk.,  Grev.,  3  :  58-59.  1874. 

Ustilago  rotundata  Arth.,  Bull.  Ia.  Agr.  Coll.,  1884:  173.  1884. 

Tilletia  rotundata  Ell.  &  Ev.,  1  N.  A.  Fungi,  1894.  1887. 

Tilletia  rotundata  Mass.,1 2  Kew  Bull.,  153  :  145.  1899. 

Tilletia  Maclagani  Clint.,  Journ.  Myc.,  8:  148.  1902. 

Exsiccati  :  Ustilago  rotundata  Artli.,  on  Panicum  virgatum,  Ell.  &  Ev., 

N.  A.  Fungi,  1894. 

Sori  in  ovaries  and  occasionally  in  anthers,  inconspicuous,  con¬ 
cealed  by  the  enveloping  glumes,  upon  rupture  shedding  out  a  dusty 
red  brown  spore  mass ;  spores  showing  different  stages  of  develop¬ 
ment,  the  older  light  to  dark  reddish  brown,  chiefly  subspherical  or 
spherical  though  occasionally  more  elongated  or  somewhat  irregular, 
with  a  thick  wall  (3-4  /x)  closely  covered  with  verruculations,  18-27 
/x  in  length. 

Host:  Panicum  virgatum ,  Conn.,  Ia.  (type  U.  rotundata ), 
Ivans.,  Neb. ;  Montreal  (type). 

The  writer  is  indebted  to  Massee  for  part  of  Berkeley’s  type 
specimen  of  Ustilago  Maclagani  in  the  Kew  herbarium.  This 
proves  to  be  the  same  as  Arthur’s  Ustilago  rotundata  as  has  been 
suggested  in  Farlow  and  Seymour’s  Host  index.  Some  writers  in 
this  country  have  considered  this  species  as  identical  with  Tilletia 
pulcherrima ,  also  occurring  on  Panicum  virgatum.  The  two 

1  Ellis  and  Everhart  call  the  fungus  Ustilago  rotundata  Arth.,  but  say  that 
it  is  evidently  a  Tilletia  and  so  American  botanists  have  since  called  the 
fungus  Tilletia  rotundata  (Arth. )  Ell.  &  Ev. 

2  Massee  gives  his  name  for  the  authority  of  this  combination. 
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species,  however,  are  quite  distinct.  The  germination  of  T.  Mcic- 
lagani  is  not  known.  Literature  :  4,  29. 

*  *  *  *  Spores  with  prominent  tubercles ,  spines,  or  scales. 

Tilletia  Earlei  Griff. 

Tilletia  Earlei  Griff.,  Bull.  Torr.  Bot.  Club,  29  :  290-291.  1902. 

Exsiccati  :  Tilletia  Earlei  Griff.,  on  Agropyron  occidental,  Griff.,  West 
AUier.  Fungi,  311. 

Soii  in  culms  usually  affecting  next  to  upper  internode,  forming  a 
somewhat  swollen  body  1-10  cm.  in  length,  rupturing  by  longitudi¬ 
nal  fissuies  which  disclose  semidusty  light  brown  spore  mass;  ster¬ 
ile  cells  smaller  than  spores,  often  with  thick  smooth  wall ;  spores 
slightly  tinted  to  light  golden  brown,  chiefly  subspherical  or  spheri¬ 
cal,  occasionally  ovoid,  with  coarse  bluntish  tubercles  extending  out 

about  2  p  to  the  evident  hyaline  envelope,  chiefly  18-22  p  in  diam¬ 
eter. 

Host:  Agropyrum  occidental  S.  Dak.  -  (type). 

This  species,  recently  described  by  Griffiths,  is  distinguished 
among  the  American  Tilletias  by  having  its  sori  in  the  culms 
instead  of  in  the  ovaries.  The  germination  of  the  spores  has  not 
been  reported.  Literature  :  72. 

Tilletia  Tex  an  a  L  ong. 

Tilletia  Texana  Long,  Journ.  Myc.,  8 :  149.  1902. 

Sori  in  ovaries,  ovoid  or  oblong,  about  3-5  mm.  in  length,  often 
more  or  less  hidden  by  enveloping  glumes,  forming  a  somewhat 
agglutinated  light  reddish  brown  spore  mass  ;  sterile  cells  not  very 
numerous,  hyaline,  with  very  thick  often  lamellate  walls  and  central 
contents ;  spores  very  light  colored  orange  yellow  (appearing  as  if 
somewhat  immature)  chiefly  subspherical  or  spherical,  with  promi¬ 
nent  conical  tubercles  (blunt  or  sometimes  quite  pointed)  which 
extend  out  2-3  p  to  the  evident  hyaline  envelope,  chiefly  19-25  p  in 
diameter  (including  envelope). 

Host:  Ilordeum pratense,  Tex.  (type). 

In  Lurope  Tilletia  Hordei  occurs  as  a  parasite  on  a  species  of 
Ilordeum,  but  that  smut  possesses  reticulate  spores  and  so  is  quite 
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distinct  from  the  species  described  here.  This  description  is  based 
on  two  collections  made  by  Long,  but  as  the  spores  have  somewhat 
the  appearance  of  being  immature,  it  may  be  that  the  description 
will  need  some  slight  changing  with  further  study  of  the  fungus. 
It  is  closely  related  to  Tilletia  buchloeana  but  apparently  differs  in 
the  slightly  larger  lighter  colored  spores  with  more  prominent  tuber¬ 
cles  and  in  the  character  of  the  hyaline  membrane.  The  spores 
have  not  been  germinated.  Literature  :  29. 

Tilletia  Wilcoxiana  Griff. 

Tilletia  Wilcoxiana  Griff.,  Bull.  Torr.  Bot.  Club,  31  :  88.  1904. 

Sori  in  the  ovaries,  usually  showing  through  the  basal  parts  of  the 
glumes,  about  1.5-2. 5  mm.  in  length,  ovoid  to  ellipsoidal,  frequently 
somewhat  flattened,  covered  by  plant  membrane  that  usually  bears 
the  styles  at  its  apex,  upon  rupture  disclosing  reddish  brown  spore 
mass;  spores  slightly  tinted  (appearing  as  if  immature),  with  evi¬ 
dent  hyaline  enveloping  membrane,  subspherical  to  spherical,  thick 
walled  with  tubercles  showing  prominently  at  margin,  18-22  jx  in 
diameter. 

Host :  Stipa  emine7is  var.  Andersoni,  Calif,  (type). 

Mr.  E.  A.  Wilcox  first  reported  this  smut,  without  name,  in  Bot. 
Gaz.,  34  :  66,  in  1902,  where  he  states  that  Vasey’s  Stipa  Hassei,  as 
shown  by  the  type  specimens  in  the  National  herbarium,  is  merely 
Stipa  eminens  var.  Andersoni  deformed  by  a  smut.  This  smut  has 
recently  been  described  by  Griffiths  from  these  specimens.  It  is 
questionable,  however,  if  it  is  distinct  from  Tilletia  hypsophila 
described  by  Spegazzini  on  species  of  Stipa  from  South  America 
(Anal.  Mus.  Nac.  Buenos  Aires,  iii,  8  :  59.  1902).  Spegazzini’s 

description  gives  the  South  American  specimens  darker  colored  and 
slightly  smaller  spores.  This  lighter  color  of  the  North  American 
spores,  however,  may  be  due  to  their  immaturity. 

Tilletia  buchloeana  Kell.  &  Sw. 

Tilletia  buchloeana  Kell.  &  Sw.,  Journ.  Myc.,  5:  11-12.  1889. 

Sori  in  ovaries,  ovoid,  1-2  mm.  in  length,  showing  between  or 
often  concealed  by  enveloping  glumes,  with  dark  reddish  brown 
spore  mass  ;  sterile  cells  hyaline,  subcircular,  with  very  thick  lamel- 
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late  w  all  and  comparatively  small  central  contents,  somewhat  more 
vaiiable  in  size  than  the  spores;  spores  light  chocolate  brown, 
chiefly  subspherical  or  spherical,  with  prominent  short  blunt  tubercles 
often  reaching  only  half  way  to  outer  margin  of  the  prominent 
hyaline  membrane  which  forms  a  band  usually  2-4  fx  wide  and 
shows  papilla  of  attachment,  17-22  /x  in  length. 

Host :  JBuchloe  clactyloides ,  Ivans,  (type). 

According  to  Ivellerman  and  Swingle  this  smut  was  found  only  in 
the  male  spikelets,  developing  in  the  abortive  ovaries.  It  undoubt¬ 
edly  has  a  wider  distribution  than  has  so  far  been  recorded.  Norton 
succeeded  in  germinating  the  spores  showing  the  smut  to  be  a  Til- 

letia  but  he  gives  no  description  of  the  germination.  Literature  : 

129. 

Tilletia  Cathesteci  (P.  Henn.)  Clint. 

Ustilago  Cathesteci  P.  Henn.,  Hedw.,  36  :  212.  1897. 

Tilletia  Cathesteci  Clint.,  Journ.  Myc. ,  8  :  149.  1902. 

Soii  in  ovaries,  ovoid,  about  1  mm.  in  length,  often  inconspicuous 
and  with  styles  still  attached,  more  or  less  concealed  by  the  glumes, 
with  black  brown  spore  mass;  sterile  cells  hyaline,  with  very  thick 
vail,  less  common  than  the  stages  of  immature  spores;  mature 
spoies  chocolate  brown,  chiefly  subspherical  or  spherical,  with  prom¬ 
inent  conical  tubercles  (becoming  blunt  and  less  conspicuous  with 
maturity)  which  extend  out  half  way  or  more  to  the  very  evi¬ 
dent  hyaline  membrane,  chiefly  19-24  fx  (exclusive  of  envelope)  in 
diameter. 

Host :  Cathestecum  procumbens ,  Mex.  (type) . 

This  species  which  Hennings  described  as  an  Ustilago  is  undoubt¬ 
edly  a  Tilletia.  It  is  questionable  if  it  is  distinct  from  Tilletia 
buchloeana.  The  spores  in  the  very  fragmentary  specimen  sent  the 
writer  by  Hennings  are  slightly  larger  and  the  tubercles  somewhat 
more  prominent,  but  it  is  not  certain  that  even  these  slight  differ¬ 
ences  are  constant.  Its  germination  is  not  known. 

Tilletia  corona  Scrib.  1 

Tilletia  covona  Scrib.,1  Ell.  &  Ev.,  N.  A.  Fungi,  1896.  1887 

1  A  description  of  this  fs  given  by  Tracy  and  Earle  in  Bull.  Torr.  Bot.  Club, 
23:  210,  in  1896,  but  they  make  their  description  to  include  T.  pulcherrima. 
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Neovossia  corona  Mass.,  Ivew  Bull.,  153  :  156.  1899. 

Exsiccati :  Tilletia  corona  Scrib.  (in  litt .),  on  Leersia  Virginica  and  L. 
oryzoides,  Ell.  &  Ev.,  N.  A.  Fungi,  1896. 

Sori  in  ovaries,  ovoid  or  ovate,  about  3-4  mm.  in  length,  more  or 
less  exposed  between  the  glumes ;  spores  showing  different  stages 
of  development,  when  mature  opaque,  chiefly  subspherical  or  spher¬ 
ical,  with  evident  hyaline  membrane  ending  at  one  side  in  a  short 
pedicle-like  projection,  with  evident  sometimes  slightly  curved  hya¬ 
line  spines  (on  top  of  spore  showing  as  papillae)  extending  out  to 
membrane  and  with  it  forming  a  hyaline  band  1-2  /z  deep,  chiefly 
19-25  ix  in,  diameter. 

Hosts:  Leersia  lenticularis ,  Miss.;  L.  oryzoides,  D.  C.  (type), 
Mo.  ;  L.  Virginica ,  D.  C.  (type),  Ill.,  Miss.,  Ohio. 

This  was  originally  described  as  occurring  on  Leersia  though  later 
some  botanists  associated  with  it  the  species  on  Panicum  and  Oryza. 
These  are,  however,  three  distinct  species.  This  species  differs  from 
Tilletia  pulcherrima  and  Tilletia  liorrida  in  its  smaller  spores 
which  have  fine  sharp  spines  and  a  very  evident  hyaline  surround¬ 
ing  membrane  which  ends  in  a  pedicle-like  projection.  Because  of 
this  projection  the  species  was  placed  by  Massee  under  Neovossia. 
While  this  is  somewhat  more  conspicuous  than  usual  it  is  not  an  un¬ 
common  occurrence  with  a  number  of  the  Tilletias.  The  germina¬ 
tion  of  the  spores  has  not  been  reported.  Literature:  125,  181. 

Tilletia  pulcherrima  Ell.  &  Gall. 

Tilletia  pulcherrima  Ell.  &  Gall.,1  Bull.  Torr.  Bot.  Club,  23:  210.  1896. 

Exsiccati :  Tilletia  pulcherrima  Ell.  &  Gall.,  on  Panicum  virgatum ,  Seym. 
&  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  52 ;  Tilletia  rotundata 
(Arth.)  Ell.  &  Ev.,  on  Panicum  sanguinale ,  Seym.  &  Earle,  Econ.  Fungi,- 
543. 

Sori  in  ovaries,  ovate  or  more  elongated  and  somewhat  curved, 
extending  between  the  spreading  glumes,  about  3-4  mm.  in  length; 
hyaline  sterile  cells  medium  to  very  thick  walled,  chiefly  smaller 
than  the  spores ;  spores  showing  different  stages  of  development, 
the  mature  spores  being  opaque,  subspherical  to  spherical,  with 

1  This  herbarium  name  is  mentioned  here  by  Tracy  and  Earle,  but  no  fitting 
description  is  given,  as  they  included  it  under  Tilletia  corona. 
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more  or  less  evident  hyaline  membrane  and  conspicuous  hyaline 
or  opaque  acute  or  truncate  scale-like  projections  2  p  long  (in 
cross  section  on  top  of  spores  showing  as  polygonal  areas),  chiefly 
20-30  /x  in  diameter. 

Hosts  :  Panicum  obtusum ,  Ariz.  ;  P.  sanguinale ,  Miss. ;  P.  vir- 
gatum ,  Ill.  (type). 

This  herbarium  name  of  Ellis  and  Galloway  is  used  as  the  writer 
believes  the  fungus  to  be  distinct  from  Tilletia  corona  with  which 
Tracy  and  Earle  placed  it.  Some  botanists  have  even  thought  this 
to  be  the  same  as  Tilletia  Maclagani ,  which  occurs  on  Payiicum 
virgatum ,  though  the  two  are  quite  distinct.  The  species  is  inter¬ 
mediate  between  Tilletia  horrida  and  Tilletia  corona.  It  is  more 
closely  related  to  the  former  from  which  it  differs  in  the  somewhat 
smaller  spores  and  their  less  conspicuous  scales  and  the  more  promi¬ 
nent  sorus.  Its  germination  is  not  known.  Literature  :  29,  74, 
181. 

«  • 

Tilletia  rugispora  Ell.  &  Gall. 

Tilletia  rugispora  Ell.  &  Gall.,1  Ell.  &  Ev.,  N.  A.  Fungi,  2794.  1892. 

Exsiccati  :  Tilletia  rugispora  Ell.  &  Gall.,  on  Paspalum  plicatulum ,  Ell. 

&  Ev.,  N.  A.  Fungi,  2704. 

Sori  in  ovaries,  subspherical,  inconspicuous,  about  2  mm.  in  diam¬ 
eter,  concealed  by  the  glumes ;  sterile  cells  hyaline  or  often  tinted, 
more  or  less  irregular,  polygonal  to  subspherical,  thick  walled,  vary¬ 
ing  from  smaller  to  larger  than  the  spores;  mature  spores  dark 
reddish  brown,  ovoid  to  spherical,  with  rather  prominent  tinted 
appendages  that  show  at  circumference  as  blunt  scales  (1-2  p.)  and 
on  top  in  cross  section  (1-2.5  p )  as  more  or  less  irregular  polygonal 
areas,  18-25  p  in  length. 

Hosts:  Paspalum  plicatulum,  Tex.  (type)  ;  Paspalum  sp.,  Mex. 

This  species  is  near  Tilletia  horrida,  from  which  it  differs  in 
smaller  less  conspicuously  appendaged  spores.  It  differs  from 
Tilletia  pulcherrima  in  the  somewhat  smaller  and  lighter  colored 
spores  that  are  more  coarsely  appendaged.  Tilletia  Ulei  Schrt.  & 

1  The  first  description  was  Tilletia  rugispora  Ell.,  in  Journ.  Myc.,  7  :  275,  in 
1893.  Jennings  published*the  name  as  a  new  species  but  without  description. 
May,  1890,  in  Tex.  Agr.  Exp.  Sta.  Bull.,  9  :  28. 
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Henn.,  on  Paspalum,  is  described  as  having  smaller  spores ;  the 
writer  has  not  seen  a  specimen.  The  germination  of  the  spores  has 
not  been  described. 

Tilletia  horrid  a  Tak. 

Tilletia  horrida  Tak.,  Bot.  Mag.,  10  :  20.  1896. 

Sori  in  ovaries  more  or  less  destroying  them,  completely  con¬ 
cealed  by  enveloping  glumes  ;  spores  showing  different  stages  of 
development,  with  youngest  as  thick  walled,  hyaline  cells ;  mature 
spores  rather  opaque,  chiehy  subspherical  to  spherical,  with  veiy 
coarse  hyaline  or  slightly  tinted  somewhat  curved  scales  showing  at 
circumference  of  spore  as  a  band  about  2—4  /z  wide  and  on  its  top 
in  cross  section  as  polygonal  areas  2-3  /a  across,  with  hyaline  mem¬ 
brane  more  or  less  evident  and  often  ending  at  one  side  in  a  short 
thread-like  projection,  22—33  /z  in  length. 

Host:  Oryza  sativa,  S.  Car. 

This  Japanese  species  has  been  reported  in  this  country  only  from 
South  Carolina,  where  it  was  found  doing  some  damage  to  the  rice 
fields.  It  has  also  been  found  here  in  imported  rice  seed  from 
Japan.  Takahashi  has  described  the  germination  of  the  spores. 
Literature:  1,  2,  3,  176,  193. 


Neovossia  Korn. 

Oesterr.  Bot.  Zeitschr.,  29  :  217.  1879. 

( Vossia  Thiim., 1  Oesterr.  Bot.  Zeitschr.,  29 :  18.  1879.) 

Type  :  Neovossia  Moliniae  (Thiim.)  Korn. 

Host :  Molinia  coerulea.  Carniola. 

Sori  usually  in  ovaries,  forming  a  somewhat  dusty  spore  mass  ; 
spores  simple,  produced  singly  in  the  swollen  ends  of  special  fertile 
threads  (sterigmata  of  Magnus)  which  permanently  incest  the  spores 
and  taper  into  elongated  hyaline  appendages ,  of  large  size  ;  germi¬ 
nation  by  a  short  promycelium  producing  numerous  terminally  clus¬ 
tered  linear  sporidia  which  germinate  without  conjugation  and,  in 

1  Name  already  used  for  a  genus  of  grasses. 
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nutrient  solutions,  give  rise  to  a  mycelium  producing  secondary 
sporidia  of  two  kinds. 

Some  of  the  species  of  Tilletia  have  an  investing  membrane  with 
a  more  or  less  prominent  protuberance  at  one  side.  In  the  type  of 
this  genus,  JV.  Moliniae ,  however,  these  appendages  are  very  strik¬ 
ing,  though  sometimes  they  dehisce  regularly  near  the  spore.  Mag¬ 
nus  considers  them  sterigmata,  but  to  the  writer  this  does  not  seem 
to  be  a  proper  designation.  Four  species  have  been  placed  under 
the  genus,  only  two  of  which,  apparently,  properly  belong  there. 

Neovossia  lowensis  Hume  &  Hods. 

Neovossia  lowensis  Hume  &  Hods. ,  Bot.  Gaz.,  30  :  274.  1900. 

Sori  in  ovaries,  ovoid,  about  2-3  mm.  in  length,  showing  between 
the  spreading  glumes,  upon  rupture  of  covering  membrane  disclosing 
dusty  black  spore  mass ;  sterile  cells  or  immature  spores  hyaline, 
thick  walled,  chiefly  smaller  than  the  spores ;  spores  reddish  brown, 
subopaque,  ovoid  or  ellipsoidal  to  rarely  subspherical,  with  promi¬ 
nent  hyaline  envelope  that  terminates  at  one  end  in  a  tapering 
irregular  tail  about  twice  the  length  of  the  spore,  with  cell  wall 
minutely  reticulate  pitted,  19-28  /x  x  13-19  /x. 

Host:  Phragmites  communis,  Conn.,  Ia.  (type). 

This  species  is  so  closely  related  to  Neovossia  Moliniae  of 
Europe,  under  which  name  it  was  first  reported  in  this  country, 
that  it  is  somewhat  doubtful  if  it  deserves  specific  distinction.  The 
only  difference  seems  to  be  that  the  spores  of  the  American  form 
average  slightly  shorter  and  are  comparatively  broader  as  a  rule. 
The  spores  have  not  been  germinated. 

Tuburcinia  [Fries]  Wor.  emend. 

Abh.  Senck.  Nat.  Ges.,  12  :  560-572.  1882. 

(Fries,1  Syst.  Myc.,  3:  439.  1829.) 

Type  :  Tuburcinia  Trientalis  B.  &  Br. 

Host :  Trientalis  Europaea.  Eur. 

1  While  Fries  first  described  this  genus  none  of  his  three  species  now  come 
under  it  as  amended  by  Woronin’s  work. 
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Sori  usually  in  the  leaves  or  stem,  forming  dark  colored  often 
papillate  areas,  rather  permanently  embedded  in  the  tissues  ;  spore 
balls  composed  entirely  of  firmly  united  fertile  cells ,  of  medium 
size  ;  spores  usually  dark  colored,  variable,  of  medium  size  ;  some¬ 
times  preceded  by  conidia,  forming  a  conspicuous  white  growth  on 
surface  of  leaves,  hyaline,  oblong  to  ovate. 

Often  the  spore  balls  show  remains  of  hyphae  surrounding  them 
but  not  as  a  definite  cortex  of  sterile  cells.  This  indicates  relation¬ 
ship  to  Urocystis.  The  species  are  most  commonly  found  in  the 
cooler  regions  of  the  world.  Tuburcinia  Trientalis,  apparently,  is 
the  only  one  that  is  known  to  possess  the  conidial  stage.  Three  or 
four  species  are  now  placed  under  the  genus,  two  of  which  occur 
here. 

Tuburcinia  Clintoniae  Ivom. 

Urocystis  Colchici  Ainer.  Auct.  p.  p. 

Tuburcinia  Trientalis  Amer.  Auct.  p.  p. 

Tuburcinia  Clintoniae  Kom.,  Jacz.-Ivom.-Tranz.,  Fungi  Rossiae,  260. 

1899. 

Exsiccati  :  Tuburcinia  Clintoniae  Ivom.,  on  Streptopus  roseus,  Barth., 

Fungi  Col.,  1789. 

Sori  in  leaves,  oval  to  subcircular,  about  2-5  mm.  in  length, 
forming  flat  minutely  granular  agglutinated  black  areas  showing  on 
both  sides,  permanently  covered  by  the  epidermis ;  spore  balls  dark 
reddish  brown,  ovoid  to  spherical,  often  surrounded  by  an  incon¬ 
spicuous  covering  of  sterile  threads,  firm,  6  to  many  spores,  27-75 
fx  in  length  ;  spores  reddish  brown,  variable,  somewhat  oblong  or 
cuneate  to  chiefly  polygonal  in  cross  section,  smooth,  12-18  p  in 
length  ;  conidial  stage  unknown. 

Hosts:  Smilacina  stellata,  Mont.;  Smilacina  sp.,  Wise. ;  Strep¬ 
topus  roseus ,  Brit.  Col. 

Komarov  has  described  this  species  on  Clintonia  from  Russia  as 
distinct  from  Tuburcinia  Trientalis.  His  type  exsiccati  specimens 
agree  with  the  forms  reported  from  Korth  America  on  Smilacina 
and  Streptopus.  In  his  description  of  the  spore  balls  and  spores, 
Komarov  gives  their  measurements  smaller  than  they  really  are. 
The  germination  of  this  species  is  not  known. 
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Tuburcinia  Trientalis  B.  &  Br. 

Tuburcinia  Trientalis  B.  &  Br.,  Ann.  Mag.  Nat.  Hist.,  n,  5  :  464.  1850. 

Polycystis  opaca  Strauss,  Sturm’s  Deutsch.  FI.,  hi,  34  :  47.  1853.  p.  p. 

Ascomyces  Trientalis  Berk.,  Outl.  Brit.  Fungi,  376.  1860.  [Conidial  stage]. 

Sorosporium  Trientalis  Wor.,  Fisch.  de  Waldh.  Aper$.  Syst.  Ust.,°32. 

1877. 

Sorosporium  Paridis  Wint.,  Rab.  Krypt.  FI.,  I1 :  102.  1884.  p.  p. 

Sori  on  leaves,  petioles  and  stems,  variable,  often  pustular,  on 
stems  frequently  forming  areas  of  considerable  extent,  sometimes 
erumpent;  spore  balls  reddish  brown,  irregular,  oblong  to  sub- 
spheiical,  firm,  usually  with  little  evidence  of  sterile  envelope, 
composed  of  10  to  many  spores,  45—100  p  in  length;  spores  reddish 
biown,  oblong  to  polyhedral,  smooth,  14— 22  p  in  length;  conidial 
stage  forming  a  dense,  white,  epiphyllous  coating  usually  over 
entire  leaf,  with  hyaline,  thin  walled,  oblong  to  ovate  conidia  about 
11-14  p  x  5-7  p. 

Host:  Trientalis  Europaea ,  Alaska. 

This  species  has  been  reported  by  Harkness  from  Alaska  from  a 
collection  made  by  Kellogg.  It  is  probably  more  common  in  north¬ 
ern  regions  than  this  single  collection  would  indicate.  Lately  there 
has  been  a  movement  to  separate  into  species  the  forms  on  different 
hosts  that  have  usually  been  included  under  this  species.  Vester- 
gien  lias  described  Tuburcinia  Earidis  as  distinct  and  Komarov 
has  made  Tuburcinia  Clintoniae  a  new  species.  Woronin 

described  the  germination  of  Tuburcinia  Trientalis .  Literature  : 
203. 


Urocystis  Rab. 

Herb.  Yiv.  Myc.,  ii,  393.  1856. 

(Polycystis  Lev.,1  Ann.  Sci.  Nat.,  Bot.,  in,  5  :  269.  1846.) 

Type  :  Urocystis  occulta  (Wallr.)  Rab. 

Host :  Secale  cereale.  Eur. 

Sori  usually  in  the  leaves  or  stems,  occasionally  in  other  parts, 
producing  dark  colored  usually  dusty  spore  masses /  spore  balls 

permanent ,  composed  of  an  enveloping  cortex  of  tinted  sterile  cells 

♦ 

According  to  Rabenhorst  this  was  already  the  name  of  an  algal  genus. 
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and  usually  one  to  several  interior  fertile  cells ,  of  small  to  medium 
size  ;  spores  generally  dark  colored,  variable,  of  medium  size  ;  germ¬ 
ination  by  a  short  promycelium  producing  terminally  grouped  spor- 
idia  which  give  rise  to  similar  secondary  sporidia  or  to  infection 
threads. 

The  sori  of  this  genus  often  have  resemblance  to  those  of  Usti¬ 
lago.  Sometimes  considerable  distortion  is  produced  in  the  infected 
parts.  In  some  species  the  cortex  but  partially  covers  the  spores 
and  there  is  a  tendency  for  the  balls  to  separate  into  their  elements. 
Polysaccopsis  is  similar  to  Urocystis  as  to  spore  balls,  but  differs 
in  the  nature  of  the  sorus.  Papulospora  is  a  Hyphomycete  having 
spore  balls  also  very  similar  in  appearance.  Saccardo  describes 
34  species;  12  have  been  found  in  North  America. 

Urocystis  Waldsteiniae  Pk. 

TJrocystis  Waldsteiniae  Pk.,  Ann.  Rep.  N.  Y.  St.  Mus.,  46:  32.  1893. 

Ustilago  Waldsteiniae  Paz.,  Rab.-Wint.-Paz.,  Fungi  Eur.,  4011.  1895. 

Urocystis  gei  Ell.  &  Ev.,  Bull.  Torr.  Bot.  Club,  27:  572.  1900. 

Exsiccati  :  Urocystis  Gei  Ell.  &  Ev.,  on  Geum  ciliatum,  Ell.  &  Ev.,  Fungi 
Col.,  1595 ;  Urocystis  Waldsteiniae  Pk.,  on  Waldsteinia  fragarioides, 
Shear,  N.  Y.  Fungi,  86,  Ell.  &  Ev.,  N.  A.  Fungi,  2983,  Ell.  &  Ev.,  Fungi 
Col.,  137,  Syd.,  Ust.,  248,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp., 
C  62;  Ustilago  Waldsteiniae  (Pk.),  on  Waldsteinia  fragarioides,  Rab.- 
Wint.-Paz.,  Fungi  Eur.,  4011. 

Sori  on  leaves,  epiphyllous,  oval  to  linear,  forming  pustules  that 
follow  the  veins  and  are  covered  at  first  by  a  false  indusium  that 
dehisces  through  the  center  and  spreads  back  on  either  side  disclos¬ 
ing  the  olive  black  dusty  spore  mass ;  spores  simple  or  often  adher¬ 
ing  rather  temporarily  together  in  pairs  or  groups  of  3  or  4,  reddish 
brown,  rather  irregular,  oblong  to  polyhedral  or  often  subspherical, 
smooth,  9-14  /a,  occasionally  16  /x,  in  length. 

Hosts:  Geum  ciliatum ,  Wash,  (type  U.  gei)’,  Waldsteinia 
fragarioides ,  N.  Y.  (type),  Wise. 

This  fungus  is  peculiar  in  that  while  it  has  the  general  aspect  of 
an  Urocystis  its  position  under  this  genus  is  somewhat  doubtful 
since  it  lacks  the  peripheral  layer  of  sterile  cells.  Neither  does  it 
seem  to  be  a  true  Ustilago,  as  considered  by  Pazsclike,  since  the 
spores  adhere  somewhat  in  pairs  or  small  groups.  The  species  needs 
further  study,  especially  of  the  formation  and  germination  of  its 
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spoies,  to  determine  its  true  generic  position.1  Those  spores  that 
adhere  in  pairs  have  the  appearance  of  Schizonella.  Often  some  of 
the  largest  spores  appear  to  be  sterile  cells  merely.  The  species 

described  by  Ellis  and  Everhart  on  Geum  is  not  distinct.  Litera¬ 
ture  :  29. 


Urocystis  Anemones  (Pers.)  Wint. 

Uredo  Anemones  Pers.,  Tent.  Disp.  Meth.  Fung.,  56.  1797. 

Uredo  ranunculacearum  DC.,  FI.  Fr.,  6  :  75.  1815. 

Caeoma  pompholygodes  Sclil.,  Linnaea,  1  :  248.  1826. 

Erysibe  arillata  a  Ranunculacearum  Wallr.,  FI.  Crypt.  Germ.,  2  :  211.  1833. 
Erysibe  jloccosa  Wallr.,  FI.  Crypt.  Germ.,  2  :  212.  1833. 

Uredo  pompholygodes  Rab.,  Krypt.  FI.,  1 :  4.  1844. 

Polycystis  pompholygodes  L6v.,  Ann.  Sci.  Nat.,  Bot.,  hi,  5 :  270.  1846.  p.  p. 
Polycystis  Ranunculacearum  Fr.,  Sum.  Veg.  Scand.,  516.  1846. 

Polycystis  Anemones  Lev.,  Ann.  Sci.  Nat.,  Bot.,  m,  8  :  372.  1847. 

Polycystis  Ficariae  L6v.,  Ann.  Sci.  Nat.,  Bot.,  hi,  8  :  372.  1847. 

Urocystis  pompholygodes  Rab.,  Fungi  Eur.,  697.  1864. 

Urocystis  Anemones  Wint.,  Rab.  Krypt.  FI.,  H  :  123.  1881. 

Exsiccati :  Urocystis  Anemones  (Pers.),  on  Anemone  acutiloba,  Ell.  & 
Ev-»  Fungi  Col.,  475;  on  Anemone  decapetala,  Barth.,  Ell.,  &  Ev.,  Fungi  Col., 
1689;  on  Anemone  nemorosa,  Ell.,  N.  A.  Fungi,  294,  Seym.  &  Earle,  Econ.’ 
Fungi  Clinton  Ust.  Supp.,  C  59  ;  on  Ranunculus  fascicular  is,  Seym  & 
Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  60. 


S°ii  ^eaves5  petioles,  and  stems,  forming  conspicuous  pustules 
of  varying  shape  and  size,  upon  rupture  disclosing  dusty  brown 
black  spore  mass  ;  spore  balls  irregular,  apparently  separating  some¬ 
what  into  the  sterile  cells  and  spores,  usually  22-35  p,  rarely  45  p, 
in  length  ;  sterile  cells  usually  incompletely  covering  the  spores' 
often  only  on  one  side,  smoky  brown  or  yellowish  tinted,  ovoid  to’ 
spherical,  usually  thin  walled,  about  8-14  p  in  length;  spores  red¬ 
dish  brown,  irregular,  oblong  or  ovoid  to  polyhedral  or  subspherical, 
smooth,  1-5  though  usually  only  1  or  2  in  a  ball,  chiefly  12-17  p 
rarely  most  elongated  20  p,  in  length. 

Hosts  :  Anemone  Caroliniana ,  Kans.,  Tex.;  A.  decapetala ,  Tex.- 
A.  nemorosa.  Conn.,  Ia.,  Mass.,  Me.,  Mich.,  N.  Y.,  Wise.;  A.  paten's 

1  Since  the  above  was  written  the  writer  has  been  informed  by  Dr.  Thom 

that  he  has  succeeded  in  germinating  the  spores  and  the  germination  is  of  the 

Ustilago  rather  than  of  the  Urocystis  type.  This  makes  the  species  come  under 
the  former  genus. 
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var.  Nuttalliana ,  Colo.,  N.  Mex. ;  A.  Pennsylvania ,  N.  Y.,  Wise.; 
A.  Virginiana ,  la.,  Tex.;  Anemonella  thalictroides^ .  Y .;  Ilepatica 
acutiloba ,  la.,  Ill.,  IncL,  N.  Y.,  Wise.;  H.  triloba ,  Mo. ;  Ranunculus 
adoneus ,  Utah ;  A?.  fascicularis ,  Ill. ;  Ranunculus  sp.,  Utah.; 
Trollius  sp.,  N.  Y. 

This  is  the  common  Urocystis  on  Ranunculaceae  east  of  the 
Rocky  Mountains.  While  there  are  some  slight  differences  in  its 
appearance  on  different  hosts  these  do  not  seem  to  be  specific. 
Usually  the  species  is  distinguished  from  the  other  species  on 
Ranunculaceae  by  the  one  or  two  spores  being  incompletely  sur¬ 
rounded  by  sterile  cells.  Recently  the  specimens  on  Actaea, 
which  have  been  listed  under  this  species,  have  been  examined  and 
found  to  agree  more  closely  with  those  on  Cimicifuga  and  so  they 
are  included  here  under  Urocystis  carcinodes.  The  specimen  on 
Trollius  has  not  been  seen.  The  germination  has  been  described 
by  Fischer  de  Waldheim,  Plowright,  and  Brefeld  (23). 

Urocystis  carcinodes  (B.  &  C.)  Fisch.  de  Waldh. 

Thecaphora  carcinodes  B.  &  C.,  Grev.,  3  :  58.  1874. 

Urocystis  carcinodes  Fisch.  de  Waldh.,  Aper^.  Syst.  Ust.,  38.  1877. 

Exsiccati :  Urocystis  carcinodes  (B.  &  C.)  Fisch.  de  Waldh.,  on  Actaea 
rubra ,  Ell.,  Ev.,  &  Barth.,  Fungi  Col.,  1891,  on  Cimicifuga  racemosa,  Kell., 
Ohio  Fungi,  79. 

Sori  on  stems,  petioles,  or  midribs,  rarely  on  blades,  forming  very 
conspicuous  outbreaks  that  cause  considerable  distortion  of  infected 
parts,  upon  rupture  disclosing  dusty  brown  black  spore  mass ;  spore 
balls  ovoid  to  subspherical,  firm,  chiefly  25—45  p  in  length  ;  sterile 
cells  hyaline  or  yellowish  tinted,  ovoid  to  subspherical,  usually  com¬ 
pletely  covering  the  spores,  often  thick  walled,  6-12  ^  in  length; 
spores  reddish  brown,  ovoid  to  subspherical  or  polyhedral,  smooth, 
usually  12-16  p  in  length. 

Hosts  :  Actaea  alba ,  AY.  Va. ;  A.  rubra ,  Utah  ;  Actaea  sp.,  Penn. ; 
Cimicifuga  racemosa ,  N.  Car.,  Ohio,  Penn,  (type),  Tenn. 

This  species  forms  very  conspicuous  outbreaks  causing  considera¬ 
ble  distortion  to  the  host.  It  is  between  Urocystis  Anemones  and 
Urocystis  sorosporioides ,  having  firmer  spore  balls  more  completely 
covered  with  sterile  cells  than  the  former  and  usually  smaller  spore 
balls  with  fewer  fertile  cells,  generally  1-6,  than  the  latter.  Its  ger¬ 
mination  has  not  been  reported. 
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ITrocystis  sorosporioides  Korn. 

Urocystis  sorosporioides  Korn.,  Fckl.  Symb.  Myc.,  Nachtr.,  3  :  10.  1875. 

Sori  on  stems,  petioles,  and  leaves,  usually  forming  pustules  of 
considerable  size  and  causing  more  or  less  distortion  to  host,  upon 
rupture  disclosing  dusty  brown  black  spore  mass ;  spore  balls  dark 
reddish  brown,  irregular,  oblong  to  subspherical,  firm,  chiefly  30- 
60  p ,  rarely  90  p,  in  length  ;  sterile  cells  smoky  or  yellowish  tinted, 
usually  completely  covering  spores,  ovoid  to  subspherical,  8-15  p  in 
length  ;  spores  reddish  brown,  oblong  to  polyhedral  or  subspherical, 
usually  4—12,  rarely  1—3,  smooth,  chiefly  13-17  /x,  most  elongated 
rarely  22  p,  in  length. 

Hosts:  Aconitum  Columbianum ,  Utah;  Aquilegia  caerulea , 
Utah;  Delphinium  scopulorum , — ;  Delphinimn  sp.,  Calif. ;  Tha- 
lictrum  alpinum,  Greenland  ;  T.  Fendleri ,  Utah  ;  Thalictrum  sp., 
Ariz.,  Mass. 

This  species  seems  to  be  more  common  in  the  western  than  in  the 
eastern  part  of  the  United  States.  It  exhibits  some  variation  on 
the  different  hosts.  It  is  distinguished  from  Urocystis  Anemones  by 
its  larger  spore  balls  containing  more  numerous  spores  with  a  more 
complete  covering  of  sterile  cells,  and  by  the  more  conspicuous 
sorus. 

Urocystis  Violae  (Sow.)  Fisch.  de  Waldh. 

Granularia  violae  Sow.,  Engl.  Fungi,  t.  440.  1822  ? 

Uredo  vesicaria  Kaulf.,  Kunz.-Schm.  Myk.,  1  :  67.  1817. 

Erysibe  arillata  p  Violarum  Wallr.,  FI.  Crypt.  Germ.,  2  :  211.  1833. 

Polycystis  Violae  B.  &  Br.,  Ann.  Mag.  Nat.  Hist.,  n,  5  :  464.  1850. 

Sorosporium  schizocaulon  var.  Violae  Casp.,  Rab.  Herb.  Myc.,  190.  1855. 

Urocystis  Violae  Fisch.  de  Waldh.,  Bull.  Soc.  Nat.  Mosc.,  40 1 :  258.  1867. 

Sori  on  stems,  exposed  rootstocks,  petioles  and  veins  of  leaves, 
forming  prominent  irregular  swellings  often  several  cm.  in  length, 
lather  permanently  covered  by  the  tissues  but  upon  rupture  disclos¬ 
ing  black  brown  spore  mass ;  spore  balls  reddish  brown,  rather  irreg¬ 
ular,  oblong  to  subspherical,  chiefly  28-55  p  in  length;  sterile  cells 
yellowish  tinted,  with  age  sometimes  becoming  rather  obscure, 
small,  6—10  p  in  length;  spores  light  reddish  brown,  ovoid  to  spheri¬ 
cal  or  polyhedral,  chiefly  4-8  in  a  ball,  mostly  11-15  p  in  length. 

Hosts:  Viola  odorata ,  Canada;  Viola  sp.,?  Minn. 
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This  smut  has  very  rarely  been  found  in  this  country  though  in 
Europe  it  sometimes  causes  considerable  injury  to  cultivated  violets. 
Prillieux  and  Brefeld  have  reported  the  germination  of  the  spores. 
Literature:  23,  41,  142,  192. 

Urocystis  Cepulae  Frost. 

Urocystis  Cepulae  Frost,  Ann.  Rep.  Sec.  Mass.  St.  Bd.  Agr.,  24 :  175.  1877. 

TJrocystis  colchici  var.  cepulae  Cke.,  Gard.  Cliron.,  1877  :  635.  1877. 

Exsiccati :  Urocystis  Cepulae  Frost,  on  Allium  cepa,  Ell.  &  Ev.,  N.  A. 

Fungi,  2706,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  61. 

Sori  in  leaves,  forming  isolated  pustules  or  often  affecting  them 
for  the  greater  part  of  their  length  and  breadth,  sometimes  occur¬ 
ring  at  their  base  in  the  bulbs,  upon  rupture  of  covering  membrane 
disclosing  dusty  black  brown  spore  mass  ;  spore  balls  ovoid  to  spher¬ 
ical,  small,  17-25  p  in  length  ;  sterile  cells  tinted,  ovoid  to  spherical, 
small,  rather  completely  covering  the  spores,  usually  4-8  /x  in  length  ; 
spores  reddish  brown,  ovoid  to  spherical,  usually  1,  rarely  2  in  a 
ball,  chiefly  12-16  p  in  length. 

Hosts:  Allium  Cepa,  Conn,  (type),  Ind.,  Mass.,  N.  J.,  N.  Y., 
Ohio,  Vt. ;  A.  Nevadense ,  Nev. 

This  species  causes  considerable  damage  to  the  onion  crop  in  east¬ 
ern  United  States.  The  smut  lives  in  the  soil  and  infects  the  seed¬ 
lings  so  that  ground  that  has  become  infected  is  a  menace  to  onions 
grown  from  seed  on  it  even  after  it  has  not  been  planted  to  onions 
for  several  years.  Such  land  should  not  be  used  or  should  be  used 
for  transplanted  onions  only.  There  are  several  methods  of  treating 
infected  land  with  sulphur,  lime,  or  formalin  that  have  also  proved 
of  benefit  in  reducing  the  amount  of  smut  in  the  onions  raised  on  it. 
There  has  been  some  discussion  whether  the  American  species  is 
distinct  from  Urocystis  Colchici  and  Urocystis  magica  of  Europe, 
the  latter  species  also  occurring  on  species  of  Allium.  The  three 
while  very  closely  related  are  distinct.  The  species  described  here 
differs  from  both  in  having  smaller  spores  and  spore  balls  and  also 
from  U  Colchici  by  rarely  having  more  than  one  spore  in  a  ball. 
Thaxter  has  described  the  germination.  Literature  :  35,  37,  53,  158, 
159,  164.  173.  179. 
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Urocystis  Colchici  (Schl.)  Rab. 

Caeoma  Colchici  Schl.,  Linnaea,  1  :  241.  1826. 

Sporisorium  Colchici  Lib.,  PI.  Crypt.  Ard.,  n.  194.  1832. 

Credo  Colchici  Lk.,  Handb.,  3:  435.  1833. 

Erysibe  arillatah  Colchici  Wallr.,  FI.  Crypt.  Germ.,  2:  211.  1833. 

Polycystis  pompholygodes  Lev.,  Ann.  Sci.  Nat.,  Bot.,  hi,  5  :  270.  1846. 

p.p. 

Polycystis  Colchici  Strauss,  Sturm’s  Deutsch.  FI.,  hi,  34,  11:45.  1853. 

Urocystis  Colchici  Rab.,  Fungi  Eur.,  396.  1861. 

Soii  in  leaves  forming  slightly  elevated  areas  of  varying  size  and 
shape,  showing  through  on  both  sides,  at  first  covered  by  epidermis 
and  lead  colored  but  eventually  rupturing  this  and  disclosing  granu¬ 
lar  reddish  black  spore  mass;  spore  balls  dark  reddish  brown,  con¬ 
sisting  of  1-3  or  rarely  4  spores  surrounded  rather  completely  by  a 
cortex  of  tinted,  thick  walled  ovoid  to  subspherical  sterile  cells  (7- 
13  /*),  20-40  fx  in  length ;  spores  medium  dark  reddish  brown,  irreg¬ 
ular  oblong  to  ovoid  or  subspherical,  flattened  where  in  contact  12- 
20  /x  in  length. 

Host :  P olygonatum  giganteum ,  la. 

Apparently  this  is  a  rare  species  in  this  country.  In  the  prelim¬ 
inary  paper  it  was  placed  under  Tuburcinia  Clintoniae  as  the  speci¬ 
mens  examined  on  Streptopus  and  Smilacina  proved  to  be  that. 
Since  then  the  writer  is  indebted  to  Dr.  Trelease  for  an  examination 
of  the  Holway  specimen  in  the  Missouri  botanical  garden  and  it 
proves  to  be  Urocystis  Colchici  as  first  reported.  The  above 
description  is  based  chiefly  on  this  specimen  which  seems  to  have 
spoies  and  spore  balls  that  average  a  trifle  larger  than  the  European 
specimens  on  Colchicum  autumnale.  The  species  is  closely  related 
to  Urocystis  magica,  on  Allium  sps.,  of  Europe  but  differs  in  often 
having  two  or  three  spores  in  the  balls,  while  that  species  usually 
has  only  one.  Literature  :  142,  169,  198. 

Urocystis  occulta  (Wallr.)  Rab. 

Erysibe  occulta  Wallr.,  FI.  Crypt.  Germ.,  2  :  212.  1833. 

Uredo  parallela  Berk.,  Eng.  FI.,  52 :  375.  1836. 

Uredo  occulta  Rab.,  Krypt.  FI.,  1 :  5.  1844. 

Polycystis  pompholygodes  Lev.,  Ann.  Sci.  Nat.,  Bot.,  in,  5:270.  1846 

p.  p. 

Polycystis  parallela  B.  &  Br.,  Ann.  Mag.  Nat.  Hist.,  ii,  5  :  464.  1850. 


p.p. 
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Polycystis  occulta  Schl.,  Bot.  Zeit.,  10  :  G02.  1852. 

Urocystis  occulta  Rab.,  Herb.  Viv.  Myc.,  ii,  393.  1856. 

Urocystis  parallela  Fisch.  de  Waldh.,  Pringsli.  Jalirb.  Bot.,  7  :  107.  1870. 

p.  p. 

?  Urocystis  Tritici  Korn.,  Hedw.,  16  :  33.  1877. 

Exsiccati :  Urocystis  occulta  (Wallr.)  Rab.,  on  Secale  cereale ,  Ell.,  N.  A. 

Fungi,  292,  Und.  &  Cook,  Illustr.  Fungi,  57,  Seym.  &  Earle,  Econ.  Fungi, 

98,  Kell.,  Ohio  Fungi,  34. 

Sori  in  leaves  (especially  on  inner  side  of  sheaths),  culm  and  inflo¬ 
rescence,  forming  linear  striae  usually  of  great  length  and  often 
merged  into  a  continuous  stratum  of  dusty  reddish  black  spore 
balls;  spore  balls  oblong  to  subspherical,  16-32  p  in  length;  sterile 
cells  often  incompletely  covering  the  spores,  hyaline  or  yellowish 
tinted,  subspherical  to  oblong,  usually  with  distended  and  uniformly 
thickened  walls;  spores  reddish  brown,  oblong  to  subspherical,  often 
with  sides  flattened,  smooth,  1  or  2,  rarely  3  or  4  in  a  ball,  11-18  p 
in  length. 

Host:  Secale  cereale ,  Conn.,  Mass.,  Minn.,  N.  J.,  N.  Y.,  Ohio, 
Ii.  I. ;  Nova  Scotia. 

While  this  smut  has  been  reported  a  number  of  times,  especially 
in  eastern  United  States,  it  does  not  seem  to  be  so  common  or  abun¬ 
dant  as  to  cause  any  serious  injury  to  the  rye  crop.  The  germina¬ 
tion  of  the  spores  has  been  described  by  Kuhn,  Wolff,  and  Brefeld. 
Literature  :  23,  103,  201,  202. 

Urocystis  Agropyri  (Preuss)  Schrot. 

Uredo  Agropyri  Preuss, 1  Linnaea,  24  :  99.  1849. 

Thecaphora  occulta  Desm.,  PI.  Crypt.,  iii,  653.  1859. 

Urocystis  Agropyri  Schrot.,  Abh.  Scliles.  Ges.,  Abtli.  Nat.  Med.,  1869-72  : 

7.  1869. 

Urocystis  Preussii  Kuhn,  Rab.  Fungi  Eur.,  1898.  1874. 

Urocystis  Ulii  Magn.,2  Rab.  Fungi  Eur.,  2390.  1878. 

Urocystis  occulta  var.  Tritici  Ell.,  N.  A.  Fungi,  293.  1879. 

Urocystis  Festucae  Ule,  Verb.  Bot.  Yer.  Prov.  Brand.,  25:  215.  1884. 

Exsiccati :  Urocystis  Agropyri  (Preuss)  Schrot.,  on  Agropyrum  repens, 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  56,  on  Bromus  ciliatus , 

1  Also  in  Sturm’s  Deutsch.  FI.,  iii,  25 :  1.  No  date. 

2  This  collection  in  the  Harvard  Crypt.  Herb,  contains  only  Ustilago  striae- 
formis. 


454  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


Seym.  &  Earle,  Econ.  Fungi,  99,  on  Elymus  Canadensis ,  Seym.  &  Earle, 
Econ.  Fungi,  100,  Same,  Clinton  Ust.  Supp.,  C  57,  on  Elymus  Virginicus , 
Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  58  ;  Urocystis  occidta 
(Wallr.)  Rab.,  on  Calamagrostis  Canadensis ,  Griff.,  West  Amer.  Fungi, 
222  ,  Urocystis  occulta  (Wallr.)  Rab.  var.  Tritici,  on  Triticum  repens,  Ell., 
N.  A.  Fungi,  293. 

Soii  in  various  parts,  most  commonly  in  leaves,  forming  striae  a 
few  mm.  to  length  of  leaf,  distinct  or  covering  surface  of  leaf,  at 
first  lead  colored  and  protected  by  epidermis  but  soon  rupturing  and 
reddish  brown  spores  becoming  scattered  ;  spore  balls  oblong  to  sub- 
spherical,  16-32  p  in  length  ;  sterile  cells  hyaline  to  yellowish,  oblong 
to  subspherical,  usually  completely  covering  fertile  cells,  outer  wall 
apparently  thin  and  by  collapsing  with  age  giving  ridged  effect  to 
the  covering  ;  spores  1  or  2,  rarely  3  or  4  in  a  ball,  reddish  brown, 
oblong  to  subspherical,  often  with  flattened  sides,  smooth,  11—18  M 
in  length. 

Hosts  :  Agropyrum  divergens,  Wash.  ;  A.  occide?itale,  N.  Mex.  ; 
A.  repens ,  Mass.,  Yt. ;  Bromus  ciliatus ,  la.;  Bromus  sp.,  Minn.; 
Calamagrostis  Canadensis ,  Ore.;  Elymus  arenarius,  Greenland; 
A.  Canadensis ,  la.,  Ill.,  Ivans.,  Mo.,  Neb.,  Wise.  ;  E.  robustus ,  la.  ; 
E.  Virginicus ,  Ill.,  Wise.;  Elymus  sp.,  Colo.,  Minn. 

1  his  smut  is  often  associated  with  Ustilago  striae^  or  mis .  when  a 
microscopical  examination  is  necessary  to  distinguish  kthem.  Uro¬ 
cystis  Agropyri  has,  at  times,  been  considered  identical  with  Uro¬ 
cystis  occulta.  It  differs  in  having  the  sterile  cells  completely 
covering  the  spores;  the  sterile  cells  also  seem  to  collapse  more 
generally.  It  is  also  very  closely  related  to  Urocystis  Fisclieri 
Koi  n.,  on  Carex  sp.,  but  this  species  has  not  yet  been  reported  in 
this  country. 

Urocystis  Junci  Lagh. 

Urocystis  Junci  Lagh.,  Rev.  Myc.,  11  :  66.  1889. 

Exsiccati:  Urocystis  junci  Lagh.,  on  Juncus  Balticus,  Griff ,  West  Amer. 

Fungi,  221. 

Sori  in  the  culms,  filling  the  interior,  eventually  rupturing  and  dis¬ 
closing  dusty  brown  black  spore  mass ;  spore  balls  variable,  chiefly 
of  1-8  spores  but  rarely  of  more,  16-36  p,  or  occasionally  50  p,  in 
length ;  sterile  cells  dark  reddish  brown,  easily  collapsing  and  then 
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showing  as  a  prominent  reticulated  envelope  completely  covering 
the  spores,  about  5-9  fx  in  diameter  ;  spores  reddish  brown,  chiefly 
subspherical  or  occasionally  somewhat  flattened  through  pressure 
and  then  more  elongated,  11-16  /x  in  length. 

Host:  Juncus  Balticus,  Nev. 

This  species  has  been  collected  in  this  country  by  Griffiths.  In 
the  specimens  issued  by  him  the  smut  was  confined  to  the  culm. 
Lagerheim  described  the  fungus  as  occurring  on  the  leaves.  Stroh- 
meyer  (169)  describes  the  effect  of  the  fungus  on  the  tissues  of  its 
host.  The  writer  has  seen  no  description  of  its  germination. 

Urocystis  granulosa  Clint. 

Urocystis  granulosa  Clint.,  Journ.  Myc.,  8  :  151.  1902. 

Sori  in  the  spikelets,  ovoid  or  oblong,  about  5-10  mm.  in  length, 
chiefly  confined  to  the  inner  parts  but  showing  through  the  more  or 
less  infected  glumes,  forming  a  granular  black  spore  mass  ;  spore 
balls  reddish  to  black  brown,  ovoid  to  spherical,  not  easily  ruptured, 
chiefly  28-50  p  in  length  ;  sterile  cells  reddish  yellow,  ovoid  to 
subspherical,  completely  covering  the  spores,  often  somewhat  indefin¬ 
ite  in  appearance  through  the  collapsing  of  outer  wall,  about  8-13  fx 
in  length ;  spores  dark  reddish  brown,  ovoid  to  spherical,  or  polyhe¬ 
dral  through  pressure,  smooth,  1-6  rarely  more  in  a  ball,  about  13- 
19  /lx  in  length. 

Host :  jStipa  comata ,  Ida.  (type). 

This  species  was  described  from  a  specimen  in  S.  M.  Tracy’s 
herbarium  collected  by  Dr.  F.  V.  Hayden  in  Idahp,  in  1859.  It  has 
also  been  found  in  the  same  collection  at  the  N.  Y.  botanical  garden. 
Although  related  to  Sorosporium  granulosum ,  which  also  occurs  on 
Stipa,  the  latter  does  not  have  a  true  cortex  of  sterile  cells  and  has 
larger  spore  balls  containing  more  spores.  The  germination  is  not 
known.  Literature :  29. 

Urocystis  Hypoxyis  Tliaxt.1 

Urocystis  Hypoxys  Thaxt.,  Ann.  Rep.  Conn.  Agr.  Exp.  Sta.,  1889  :  153.2 

1890. 

1  There  seems  to  be  considerable  difference  among  authorities  concerning  the 
spelling  of  the  specific  name.  It  has  been  spelled  Hypoxys ,  Ilypoxis,  Hypoxy  is, 
Ilypoxydis,  Hypoxidis. 

2  Really  in  the  description  of  plate  II  following  page  153,  the  page  being 
unnumbered. 
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Exsiccati :  TTrocystis  Ilypoxis  Tliaxt.,  on  Ilypoxis  erecta,  Ell.  &  Ev. 

N.  A.  Fungi,  2688. 

Soii  in  the  flowers  more  or  less  distorting  and  destroying  the 
inner  parts,  often  extending  down  on  pedicles  and  peduncles  for  a 
short  distance,  somewhat  irregular  oblong,  about  1-2  cm.  in  length, 
upon  rupture  of  protecting  parts  disclosing  purple  black  dusty  spore 
mass ;  spore  balls  chiefly  ovoid  to  spherical,  25-60  p  in  length  ; 
sterile  cells  reddish  yellow,  completely  covering  the  spores,  ovoid, 
about  9—14  p  in  length  ;  spores  reddish  brown,  polyhedral  to  sub- 
spherical  or  spherical,  occasionally  ovoid  to  oblong,  1-8,  chiefly  3-5 
in  a  ball,  usually  13-16  p  in  length. 

Host:  Hypoxys  erecta ,  Conn,  (type),  Mass. 

This  smut  was  originally  described  from  West  Rock  Park,  New 
Haven,  and  has  been  found  in  North  America  in  only  one  other 
locality,  near  boston.  It  has,  however,  been  found  in  South  Amer¬ 
ica.  1  haxter  reported  its  germination. 


Entyloma  DeBy. 

Bot.  Zeit.,  32  :  101.  1874. 

(Rhamphospora  Cunn.,  Sci.  Mem.  Med.  Off.  Arm.  India,  3:  32.  1887.) 

lype.  Entyloma  Ungerianum  DeBy.1  {Protornyces  microsporus  Ung.) 

Host :  Ranunculus  repens.  Germ. 

Son  usually  in  the  leaves,  generally  forming  discolored  but  little 
distorted  areas  .permanently  imbedded  in  the  tissues  ;  spores  simple, 
produced  terminally  or  intercalary  in  the  fertile  mycelium  which 
does  not  entirely  disappear  through  gelatinization,  free  (sometimes 
irregularly  adhering  through  pressure),  hyaline  to  yellowish  or  red¬ 
dish  yellow ,  occasionally  dark  colored,  of  medium  size ;  germination 
by  a  short  promycelium  bearing  a  terminal  group  of  sporidia  which 
usually  conjugate  in  pairs  and  produce  secondary  sporidia  or  infec¬ 
tion  threads;  conidia  often  present,  formed  by  germination  of  the 
spores  in  situ  or  on  the  mycelium  protruding  through  the  stomata, 
hyaline,  usually  elongated. 

1  This  is  now  known  as  Entyloma  microsporum  (Ung.)  Schrot.  DeBary  did 
not  use  this  specific  name  because  he  said  it  was  inappropriate. 
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The  dark  colored  spore  forms  often  look  like  Ustilago  though  not 
forming  a  dusty  sorus.  Melanotaenium  is  a  close  relative.  The 
species  having  spores  tending  to  adhere  irregularly,  connect  the 
genus  with  Burrillia.  In  this  perhaps  more  than  in  any  other  genus 
one  must  depend  upon  the  host  for  the  identification  of  the  species 
since  the  spores  are  not  very  characteristic.  The  species  infect  a 
great  variety  of  hosts  and  are  usually  recognized  by  the  light  colored 
spots  produced  on  the  tissues  with  which  are  often  associated  the 
Cercospora-like  conidial  stage.  Saccardo  describes  67  species  ;  ‘25 
species  and  2  varieties  are  given  here. 

*  Spores  dark  colored. 

Entyloma  lineatum  (Cke.)  Davis. 

Ustilago  lineata  Cke.,  Rav.  Fungi  Aruer.,  789.  1882. 

Entyloma  lineata  Davis,  Trans.  Wise.  Acad.  Sci.,  Arts,  Lett.,  9  :  162.  1893. 

Entyloma  crastophilum  Amer.  Auct.  p.  p. 

Entyloma  Pammelii  Hume,  Proc.  Ia.  Acad.  Sci.,  9  :  238.  1902. 

Exsiccati :  Entyloma  lineatum  (Cke.)  Davis,  on  Zizania  aquatica ,  Seym. 

&  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  21;  Ustilago  lineata  Cke.,  on 

Zizania  aquatica ,  Rav.,  Fungi  Amer.,  789,  Ell.,  N.  A.  Fungi,  1097,  Ell.  & 

Ev.,  Fungi  Col.,  134,  Griff.,  West  Amer.  Fungi,  16. 

Sori  in  the  leaves,  leaf  sheaths,  and  culms,  small,  £-3  mm.  in 
length,  subcircular  to  linear,  scattered  or  fusing  though  even  then 
not  always  completely  losing  their  individuality,  lead  colored,  rather 
permanently  covered  by  epidermis ;  spores  light  golden  brown, 
firmly  agglutinated,  usually  ovoid  to  subspherical  or  somewhat 
polyhedral,  smooth,  chiefly  7-11  p  in  length. 

Host:  Zizania  aquatica.  Conn.,  Ga.  (type),  Ia.  (type  E.  Pam¬ 
melii) i,  Ill.,  Neb.,  S.  Dak.,  Wise. 

Sometimes  the  sori  show  closely  agglutinated  clusters  of  appar¬ 
ently  sterile  cells.  This  species  has  been  considered  by  some 
American  botanists  to  be  the  same  as  Entyloma  crastophilum.  It 
differs  in  its  smaller,  lighter  colored  spores.  Setchell  has  described 
the  germination.  Hume  lately  has  named  this  after  Pammel  as  a 
.  new  species  but  with  no  special  specific  description.  Literature  : 
43,  87. 
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Entyloma  crastophilum  Sacc. 

Thecaphora  Dactylidis  Pass.,  Fisch.  de  Waldh.,  Aper^.  Syst.  Ust.,  34.  1877. 
Entyloma  crastophilum  Sacc.,  Mich.,  1  :  540.  1879. 

Sori  in  leaves,  subcircular  to  linear,  about  J-2  mm.  in  length, 
usually  distinct  though  occasionally  merged,  black,  long,  covered  by 
epidermis  ;  spores  rather  dark  brown,  tightly  packed  and  more  or 
less  adhering  together,  chiefly  ovoid  to  spherical  or  angled  through 
piessuie,  rather  thick  walled,  8—14  /x  in  length. 

Hosts  .  llolcus  lanatus ,  Conn.,  N.  Y. ;  Phleum,  pratense,  la.,  Ill. ; 
undet.  grass ,  Conn. 

Winter  gives  Thecaphora  Dactylidis  as  a  synonym  of  this  species 
and  if  they  really  prove  to  be  the  same  the  specific  name  of  the 
former  will  have  precedence  as  it  was  first  published.  Johanson 
states  that  Karsten’s  Ustilago  ambiens  is  the  same  as  Entyloma 
crastophilum.  A  fragment  of  the  type  received  from  Karsten,  how¬ 
ever,  shows  it  to  be  Schizonella  melanogramma. 

Entyloma  irregulare  Johans. 

Entyloma  irregulare  Johans.,  Oefv.  Ivongl.  Svensk.  Yet.  Akad  Forh  41 9  • 
159.  1884. 

i  * 

Sori  in  leaves,  subcircular  to  oblong,  about  1  mm.,  distinct  or  some¬ 
what  merging  into  one  another,  lead  color,  long,  covered  by  epi¬ 
dermis  ;  spores  almost  colorless  to  very  light  brown,  very  irregular 
to  subspherical  or  polyhedral,  chiefly  8-14  p,  most  elongated  occa¬ 
sionally  17  /x,  in  length;  conidia  often  present  in  very  small  white 
clusters  on  sori. 

Host:  Poa  pratensis,  Ill. 

No  conidia  were  found  on  the  Illinois  specimen  but  some  of  the 
European  specimens  on  Poa  annua  also  do  not  show  their  presence. 
In  Saccardo’s  Syllogye  Fungorum  this  species  is  mentioned  as 
possibly  the  same  as  Entyloma  crastophilum.  It  seems  to  differ 

in  the  lighter  colored  more  irregular  spores  and  the  possession 
of  conidia. 

Entyloma  speciosum  Schrot.  &  P.  Henn. 

Entyloma  speciosum  Schrot.  &  P.  Henn.,  Hedw.,  35  :  220. 


1896. 
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Exsiccati :  Entyloma  speciosum  Schrot.  &  P.  Henn.,  on  Panicum  pro- 
liferum,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  32,  on  Panicum 
sp.,  Same,  C  33. 

Sori  in  the  leaves,  oval  to  linear,  about  2-10  mm.  long,  though 
usually  completely  losing  individuality  by  lateral  and  terminal  fusing 
and  thus  occupying  more  or  less  of  the  leaf,  lead  colored,  perma¬ 
nently  covered  by  epidermis  and  completely  filling  the  space  between 
its  layers  ;  spores  dark  brown,  rather  firmly  agglutinated,  polyhe¬ 
dral  (occasionally  subspherical)  to  more  irregular  or  elongated, 
smooth,  chiefly  8-14  /x,  most  elongated  rarely  16  /x,  in  length. 

Hosts  :  Alopecurus  geniculatus ,  Tex. ;  Panicum  prolifer um,  Ill.; 
Panicum  sp.,  Ill. 

Specimens  of  the  above  species  on  Panicum  from  South  America 
were  received  from  Hennings,  of  Berlin,  and  compared  with  the 
American  specimens.  While  the  Illinois  collections  show  more 
angular  spores  with  less  evident  swollen  remains  of  the  hyphae  sur¬ 
rounding  them  as  part  of  their  cell  wall,  they  agree  closely  in  other 
respects.  On  Alopecurus  the  sori  usually  occur  as  distinct,  elliptical 
to  subcircular  spots.  This  species  has  the  appearance  of  an  Ustilago. 
It  is  distinguished  from  Entyloma  crastophilum  by  the  larger  more 
merged  sori  and  by  the  larger,  more  irregular  and  darker  colored 
spores.  The  writer’s  efforts  to  germinate  it  have  uniformly  failed. 

Entyloma  caricinum  Rostr. 

Entyloma  caricinum  Rostr.,  Medd.  orn  Gr0nland,  3  :  532.  1888. 

Sori  in  leaves,  oblong,  gregarious,  1-2  mm.  in  length,  black; 
spores  brown  black,  rather  firmly  coalescing,  variable,  angular, 
smooth,  15-22  y  in  length. 

Host:  Carex  riyicla ,  Greenland  (type). 

This  fungus  has  been  reported  but  the  one  time  and  Professor 
Rostrup  in  answer  to  a  request  for  a  specimen  stated  that  unfortu¬ 
nately  he  had  no  more  specimens,  so  the  writer  has  not  been  able  to 
examine  this  species.  From  the  description  it  seems  closer  related 
to  Entyloma  speciosum  than  to  any  of  the  other  species  described 
here.  Its  germination  has  not  been  reported. 
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*  *  Spores  light  colored. 

Entyloma  Thalictri  Schrot. 


Entyloma  Thalictri  Schrot.,  Jahresb.  Schles.  Ges.,  1882  :  178.  1882. 

Entyloma  Ranunculi  forma  Thalictri  Farl.,  Bot.  Gaz.,  8  :  275.  1883. 

Entyloma  thalictri  Schrot.?,  Trel.  Prel.  List  Par.  Fungi  Wise.,  36.  1884 

Exsiccati  :  Entyloma  Ranunculi  forma  Thalictri  Farl.,  on  Thalictrum 
dioicum ,  Rab.-VV  int.,  Fungi  Eur.,  3406,  Roum.,  Fungi  Gall.,  3961 ;  Enty¬ 
loma  Thalictri  Schrot.,  on  Thalictrum  dioicum ,  Ell.,  N.  A.  Fungi,  1489, 
Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  34. 


Sori  in  leaves,  forming  small  angular  yellowish  or  reddish  areas, 
about  1-2  mm.  or  by  confluence  more  extended,  often  rather  indefi¬ 
nite  ;  spores  often  not.  very  abundant,  hyaline  to  yellowish,  ovoid 
to  subspherical  or  occasionally  somewhat  angled  and  more  irregular, 
thin  to  medium  thick  walled,  smooth,  small,  about  8-13  p,  in  length; 
conidia  apparently  hypophyllous. 

Hosts  :  Thalictrum  dioicum ,  Wise,  (type  E.  Ranunculi  f.  Thal¬ 
ictri)]  T.  polygamum,  Conn. ;  T.  purpurascens,  Ill. 

European  specimens  of  this  species  have  not  been  available  for 
examination.  Some  of  the  specimens  approach  very  closely  to 
Entyloma  Ranunculi  under  which  species  the  specimens  on  T.  di¬ 
oicum  were  first  placed  as  a  form.  In  the  Host  index  of  N.  A. 
Fungi,  Oylindrosporium  Ranunculi  f.  Thalictri  Ell.  &  Ev.,  and 
Cylindrosporium  (Jlematidis  Ell.  &  Ev.,  are  given  as  synonyms  of 
this  species,  apparently  on  the  supposition  that  they  are  the  conidial 
stage.  Positive  evidence  of  this,  however,  seems  lacking  as  yet. 


Entyloma  Ranunculi  (Bon.)  Schrot. 


Fusidium  Ranunculi  Bon.,  Handb.  Myc.,  43.  1851. 
v  Protomyces  Ficariae  Cornu  &  Roze,  Bull.  Soc.  Bot.  Fr.,  21 :  161.  1874. 

Entyloma  Ungerianum  forma  Ficariae  Wint.,  Rab.  Fungi  Eur  1873 
1874. 


Entyloma  Ficariae  Fisch.  de  Waldh.,  Bull.  Soc.  Nat.  Mosc.,  4.  1877. 

Entyloma  verruculosum  Fisch.  de  Waldh.,  Bull.  Soc.  Nat.  Mosc.,  5.  1877. 

p.p. 


Entyloma  Ranunculi  Schrot.,  Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  370.  1877. 

Cylindrosporium  ficariae  Berk.,  Brit.  Fung.,  212.  1837. 
Gloeosporium ficariae  Cke.,  Handb.,  475.  1871. 

Fusidium  Ranunculi  f.  Ficariae  Tlilim.,  Myc.  Uni.,  190.  1875. 

Cylindrosporium  Ranunculi  Sacc.,  Mich.,  1 :  540.  1878. 

.  Fusidium  eburneum  Schrot. 


Probable 
Conidial  - 
Stage 
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Sori  in  leaves,  forming  thin  roundish  or  angular  reddish  yellow 
spots  on  upper  side  but  more  conspicuous  beneath  by  the  whitish 
growth  of  conidia  (rarely  epiphyllous),  about  1-6  mm.  in  length  ; 
spores  yellowish  tinted  when  young  but  often  reddish  yellow  with 
age,  chiefly  subspherical  or  spherical,  though  occasionally  more  elon¬ 
gated  or  irregular,  thick  walled,  epispore  usually  evident  and  some¬ 
times  wrinkled  or  loosely  investing  endospore,  11-16  fx  in  length  ; 
conidia  apparently  of  two  types,  either  long  fusiform,  often  curved, 
35-45  fx  x  2.5-3  /x  or  short  fusiform,  often  curved  near  tip,  15-20  fx 
x  2.5-3. 5  /x ,  usually  disappearing  through  germination. 

Hosts  :  Anemone  nemorosct,  Wise. ;  Ranunculus  Pennsylvania^, 
Wise. 

This  species  has  been  recognized  only  recently  in  America.  Davis 
collected  both  hosts  in  Wisconsin.  It  differs  from  Entyloma  Thal- 
ictri,  apparently,  in  its  larger,  more  regular  spores  with  somewhat 
thicker  walls.  The  form  on  Anemone  nemorosa  was  originally  re¬ 
ported  under  the  latter  species.  Ward  and  Brefeld  have  described 
the  germination.  Literature  :  20,  194. 

Entyloma  Menispermi  Fail.  &  Trek 

Entyloma  Menispermi  Earl.  &  Trel.,  Bot.  Gaz.,  8:  275.  1883. 

Exsiccati  :  Entyloma  Menispermi  Farl.  &  Trel.,  on  Menispermum  Cana- 
dense ,  Ell.,  N.  A.  Fungi,  1490,  Und.  &  Cook,  Illustr.  Fungi,  59,  Ell.  &  Ev., 
Fungi  Col.,  1066,  Rab.-Wint.,  Fungi  Eur.,  3002,  Seym.  &  Earle,  Econ.  Fungi, 
201,  Same,  Clinton  Ust.  Supp.,  C  23,  C  24. 

Sori  in  leaves,  small,  angular,  limited  by  veins,  scattered  or  often 
abundant  and  somewhat  confluent,  showing  above  as  reddish  brown 
discolorations  and  beneath  as  more  evident  whitish  areas  often  with 
a  dense  conidial  outgrowth  ;  spores  hyaline  to  yellowish,  chiefly  sub- 
spherical  or  spherical,  thin  walled,  smooth,  8-12  fx  in  diameter;  co¬ 
nidia  (with  mycelial  outgrowth)  forming  a  conspicuous  hvpophyllous 
mat,  subclavate  or  fusoid,  often  adhering  in  pairs,  12-24  /x  x  3-5  fx. 

Host :  Menispermum  Canadense ,  la.,  Ill.,  Ivans.,  Minn.,  Mo.,  N. 
Dak.,  Wise.  (type). 

This  species  usually  has  a  dense  white  hvpophyllous  growth  that 
is  largely  composed  of  mycelial  threads.  It  is  a  species  so  far 
reported  only  from  the  region  of  the  Mississippi  valley  though  it 
probably  occurs  elsewhere.  The  germination  of  the  spores  has 
not  been  described.  Literature:  54. 
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Entyloma  compositarum  Fail. 

Entyloma  compositarum  Farl.,  Bot.  Gaz.,  8  :  275.  1883. 

Exsiccati :  Entyloma  compositarum  Farl.,  on  Ambrosia  trifida,  Ell.  &  Ev., 
N.  A.  Fungi,  2429  b ;  on  Aster  Novi-Belgii ,  Seym.  &  Earle,  Econ.  Fungi 
Clinton  Ust.  Supp.,  C  16;  on  Aster  puniceus,  Ell.,  N.  A.  Fungi,  1492  a;  on 
?  Eupatorium  ageratoides,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp. 
C  17  ;  on  Lepachys  pinnata,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.’ 
C  18;  on  Rudbeckia  laciniata,  Ell.  &  Ev.,  N.  A.  Fungi,  2429  a. 

Sori  in  leaves,  small,  angular,  about  1-2  mm.  in  length,  usually 
abundant  and  more  or  less  confluent,  forming  spots  whitish  or  yel¬ 
lowish  on  the  under  side  and  darker  often  purplish  on  the  upper; 
spoies  chiefly  hyaline,  ovoid  to  spherical  or  occasionally  polyhedral, 
smooth,  thin  walled,  chiefly  9-14  p  in  length;  usually  with  evident 
hypophyllous  outgrowth  of  conidia  which  are  fusiform  or  slightly 
clavate,  often  curved,  about  15-20  p  x  2-3  p. 

Hosts :  Ambrosia  artemisiaefolia ,  Mass.,  Me. ;  A.  psilostachya , 
Kans.,  YV  isc. ;  A.  trifida ,  D.  C.,  Ill.,  Mo.,  Wise.;  Aynbrosia  sp.,  Minn., 
Ohio  ;  Aster  cordifolius ,  Mass.;  A.  Novi-Belgii,  Mass.,  Me.;  A.pani- 
culatus ,  Wise. ;  A.  puniceus ,  Mass.,  N.  H.  (type)  ;  Aster  sp.,  N. 
Brunsw.  ;  * Bidens  chnjsanthemoides ,  Kans.;  Erigeron  elatus, 
Wash.;  L.  Bhiladelphicus,  N.  Dak.,  YY isc. ;  ?  Eupatorium  agera¬ 
toides,  Ill.;  *  Gnaphalium  sp.,  Ala. ;  *  Helenium  autumnale,  YVisc.; 

*  Heterotheca  Lamar  ckii,  Kans. ;  *Lacluca  Cayiadensis,  Minn. ; 
Lepachys  pinnata,  la.,  Ill.,  Minn.,  YVisc.;  Rudbeckia  laciniata.  Mo.’ 
Ohio;  '  /Senecio  aureus.  Neb.,  YVisc. ;  S.  aureus  var.  Balsamitae, 
Kans.;  * Silphium  integri folium,  YVisc. 

It  is  difficult  to  classify  the  Entylomas  on  Compositae  on  any  per¬ 
fectly  satisfactory  basis,  The  type  described  by  Farlow  on  Aster 
puniceus  has  hyaline,  thin  walled  spores  and  is  usually  accompanied 
by  conidia.  On  the  Ambrosia  hosts  there  occurs  besides  this  type 
another,  included  here  under  Entyloma  polysporum,  which  "has 
larger  thick  walled  and  more  deeply  tinted  spores  and  is  usually 
without  sporidia.  A  fair,  but  not  extreme,  illustration  of  the  differ¬ 
ences  of  these  two  species  is  shown  by  specimens  (a)  and  (b)  of 
Ellis’  N.  A.  Fungi,  no.  1492.  The  form  listed  on  Eupatorium 
ageratoides  has  spores  much  like  Entyloma  polysporum  while 
the  son  are  like  Entyloma  compositarum.  It  has  been  placed 
under  the  latter  species  questioningly,  as  it  may  deserve  independent 
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rank.  The  hosts  marked  by  a  star  have  not  been  seen  by  the 
writer.  It  is  barely  possible  that  some  of  these  may  belong  under 
Entyloma  poly  sporum.  Setchell  reported  the  germination  of  the 
spores.  Literature  :  54,  162. 

Entyloma  polysporum  (Pk.)  Farl. 

Protomyces  polysporus  Pk.,1  Tliiim.  Myc.  Uni.,  1813.  1881. 

Entyloma  polysporum  Farl.,  Bot.  Gaz.,  8  :  275.  1883. 

Entyloma  Holwayi  Syd.,  Ust.,  282,  1901. 

Exsiccati  :  Entyloma  Compositarum  Farl.,  on  Ambrosia  artemisiaefolia , 
Ell.,  N.  A.  Fungi,  1492  b,  Seym.  &  Earle,  Econ.  Fungi,  292  a-b,  Ell.  & 
Ev.,  Fungi  Col.,  541  ;  Entyloma  Holwayi  Syd.  n.  sp.,  on  Cosmus  sulphu- 
reus,  Syd.,  Ust.,  282  ;  Entyloma  polysporum  (Pk.)  Farl.,  on  Ambrosia  biden- 
tata ,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  31,  on  Ambrosia 
trifida ,  Rourn.,  Fungi  Sel.,  4868;  Protomyces  polysporus  Pk.  n.  sp.,  on 
Ambrosia  trifida ,  Thiim.,  Myc.  Uni.,  1813. 

Sori  in  leaves,  forming  subcircular  to  more  irregular  and  often 
indefinite  areas,  generally  dark  brown,  2-5  mm.,  usually  limited  in 
number  and  killing  more  or  less  of  the  surrounding  tissue  ;  spores 
hyaline  to  yellowish  or  even  light  chestnut  brown,  ovoid  to  spherical 
or  somewhat  polyhedral,  smooth,  usually  with  remains  of  gelatinous 
hyphae  forming  outer  coat  of  the  thick  wall,  12-17  y  or  in  some 
cases  even  20  y  in  length ;  evidence  of  conidia  usually  lacking. 

Hosts:  Ambrosia  artemisiaefolia ,  Conn.,  Ia.,  Ill.,  Ind.,  Mich., 
N.  Y.,  Wise. ;  A.  bidentata,  Ill. ;  A.  trifida,  la.,  Ill.,  N.  Y.  (type) ; 
Cosmus  sulphurous,  Mex.,  Chapala  (type  E.  Holwayi ) ;  Gaillardia 
pulcliella ,  Ivans. ;  Helianthus  annuus ,  Mont. 

While  this  species  is  based  on  Peck’s  specimens  issued  in  Thiimen’s 
Myc.  Uni.,  these  represent  a  form  that  approaches  Entyloma  com¬ 
positarum  ;  and  the  specimens  on  Ambrosia  bidentata  from  Illinois 
represent  the  opposite  extreme.  Entyloma.  Holwayi  is  included 
here  as  not  specifically  distinct.  The  germination  of  the  spores  has 
not  been  reported.  Literature  :  54. 

Entyloma  arnicalis  Ell.  &  Ev. 

Ramularia  arnicalis  Ell.  &  Ev.,  Proc.  Acad.  Nat.  Sci.  Pliila.,  1891:  85. 

1891. 

1  Also  described  by  Peck  in  Ann.  Rep.  N.  Y.  St.  Mus.  Nat.  Hist.,  34:  45, 
but  this  was  not  issued  until  1883. 
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Entyloma  arnicalis  Ell.  &  Ev.,i  N.  A.  Fungi,  3136.  1894. 

Exsiccad  :  Entyloma  arnicalis  Ell.  &  Ev.  n.  sp .,  on  Arnica  Chamissonis , 
Ell.  &  Ev.,  N.  A.  Fungi,  3136,  Ell.  &  Ev.,  Fungi  Col.,  540. 

Sori  in  leaves,  forming  reddish  brown  subcircular  or  angular  areas, 
prominent  on  upper  surface,  3-8  mm.  in  diameter,  distinct  or  often 
llling  intervening  tissue  and  thus  forming  an  extended  dead  area  ; 
spores  yellowish  to  chestnut  brown,  rather  uniform,  chiefly  subspher- 
ical  or  spherical,  often  with  evidence  of  gelatinous  envelope  which 
in  some  cases  forms  conspicuous  papillae  on  the  rather  thick  spore 
wall,  chiefly  13-17  /x  in  diameter ;  conidia  forming  a  slight  hypophyl- 
lous  growth  in  center  of  area,  chiefly  linear  lanceolate,  often  slightly 
curved  at  upper  end,  about  18-28  /x  x  3  /x. 

Hosts  :  Arnica  Chamissonis ,  Wash,  (type)  ;  A.  corcli folia,  Ida.  • 
A.  latifolia ,  Wash. 

.  While  this  species  approaches  Entyloma  Calendulae  of  Europe, 
it  seems  to  possess  larger  and  usually  darker  spores.  The  specimen 
from  Washington  on  Arnica  latifolia  has  conspicuous  hyaline  papil- 
ae  on  many  of  the  spores,  evidently  developed  from  the  gelatinous 
hyphae  covering  the  spores;  the  other  specimens  show  these  only 
occasionally  and  not  so  prominently.  Ellis  and  Everhart  give  their 
species  of  Ramularia  arnicalis  as  the  conidial  stage  of  this  fungus. 
The  spores  have  not  been  germinated. 


Entyloma  guaraniticum  Speg. 

Entyloma  guaraniticum  Speg.,  Fungi  Guar.,  pug.  1  :  65.  1886. 

Son  in  leaves,  subcircular,  lightish  or  eventually  dark  colored 
usually  separate,  often  thickened  and  concavo-convex,  2-6  mm.  in 
tameter ;  spores  hyaline  to  light  yellow,  more  or  less  adhering  in 
masses  or  uniserial  rows,  subspherical  to  oblong  or  more  irregular 
provided  with  prominent  gelatinous  envelope  which  is  not  always 
distinct  from  cell  wall,  11-20  ^  in  length. 

Hosts  ;  ?  Bidens frondosa,  Mass. ;  B.  leucantha,  Fla.,  Porto  Rico. 
..pecimens  of  this  species  from  South  America  have  been  com- 

1  A'®°  ‘“f- *  Ev-  Fungi  Col.,  540.  1894.  The  first  description  is  in  Bull 

a  different  State  M  1  ’T'  ™S  descriPtion  is  b^ed  on  a  collection  from 

a  different  State,  Idaho,  and  on  a  different  host,  Arnica  cordifolia. 
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pared  with  the  specimens  collected  by  Professor  Thaxter  in  Florida 
and  found  to  be  the  same.  The  collection  listed  on  Bidens  frondosa 
does  not  agree  exactly,  having  somewhat  smaller  spores  and  being 
provided  with  conidia.  The  species  was  originally  described  from 
South  America  on  Araliaceae  ?  but  the  host  was  later  corrected  to 
Bidens  leucantha.  The  germination,  apparently,  has  not  been 
described. 

Entyloma  Floerkeae  Holw. 

Entyloma  Floerkeae  Holw.,1  Ell.  &  Ev.,  N.  A.  Fungi,  2288.  1889. 

Exsiccati :  Entyloma  Floerkeae  Holw.,  on  Floerkea  proserpinacoides , 

Ell.  &  Ev.,  N.  A.  Fungi,  2288  (n.  sp.),  Ell.  &  Ev.,  N.  A.  Fungi,  3237. 

Sori  in  leaves,  yellowish,  often  killing  tissues,  showing  on  both 
sides,  oval  to  circular,  about  2-4  mm.  in  length  ;  spores  hyaline  to 
reddish  yellow,  ovoid  to  chiefly  subspherical  or  spherical,  with  mod¬ 
erately  thick  wall,  often  with  remains  of  hypha  showing  as  a  short 
appendix,  smooth,  9-13  p  in  length;  conidia  hypophyllous,  not 
forming  a  very  prominent  growth,  slightly  falcate,  12-16  p  x  1.5  p. 

Host:  Floerkea  proserpiyiacoides,  Ill.,  Ohio,  Wise.  (type). 

Stevens  has  listed  this  species  from  Ohio  under  the  name  “  Enty¬ 
loma  proserpinacoides.'''’  As  the  host  usually  disappears  early  in 
the  season  this  fungus  is  not  commonly  found  later  than  the  first 
part  of  June.  Its  presence  may  thus  escape  observation.  Davis 
reports  the  germination.  Literature  :  43. 

Entyloma  Collinsiae  Hark. 

Entyloma  Collinsiae  Hark.,  Bull.  Calif.  Acad.  Sci.,  1  :  40.  1884. 

Sori  in  leaves,  whitish,  showing  on  both  surfaces,  but  somewhat 
darker  colored  above,  subcircular,  thin,  1-3  mm.  in  diameter ;  spores 
tinted  reddish  yellow,  ovoid  to  chiefly  subspherical  or  spherical, 
thick  walled,  often  with  remnant  of  hypha  showing  as  a  short  ped¬ 
icle,  10-14  p  in  length  ;  conidia  not  observed. 

Host :  Collinsia  bartsiaefolia ,  Calif,  (type). 

The  writer  is  indebted  to  Miss  Eastwood,  of  the  California  acad- 

iThis  was  first  described  by  Davis  in  Trans.  Wise.  Acad.  Sci.,  Arts,  Lett., 
11  :  170.  1897. 
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emy  of  sciences’  herbarium  for  the  privilege  of  examining  Hark- 
ness’  type  of  this  species.  Apparently  it  has  been  collected  only 
the  one  time.  Its  germination  is  not  known. 

Entyloma  Lobeliae  Farl. 

Entylorha  Lobeliae  Farl.,  Bot.  Gaz.,  8 :  275.  1883. 

Exsiccati :  Entyloma  Lobeliae  Farl.,  on  Lobelia  infiata,  Rab.-Wint.,  Fung. 
Eur.,  3302,  Ell.,  N.  A.  Fungi,  1493,  Seym.  &  Earle,  Econ.  Fungi,  326, 
Same,  Clinton  Ust.  Supp.,  C  22. 

Sori  in  leaves,  forming  thin  yellowish  areas,  1-10  mm.  in  diame¬ 
ter  ;  spores  hyaline  to  yellowish,  oblong  to  subspherical,  more  or 
less  angled,  rather  thick  walled,  chiefly  11—15  /a  in  length  5  conidia 
hypophyllous,  narrowly  fusiform,  10-25  p  x  2-3  p. 

Hosts:  Lobelia  inflata,  Conn.,  Ill.,  Mass.,  Me.  (type) ,  Mo.,  N. 
Car.,  N.  II.,  Ohio,  Wise.;  Lobelia  sp.,  Porto  Rico. 

4  he  writer  has  never  been  able  to  And  this  on  the  other  species  of 
Lobelia  in  the  United  States,  though  it  is  not  uncommon  on  the  one 

lepoited.  4  he  germination  of  the  spores  has  not  been  described. 
Literature :  54. 

Entyloma  Physalidis  (Ivalchb.  &  Cke.)  Wint. 

Protomyces  physalidis  Kalchb.  &  Cke.,  Grev.,  9  :  22.  188Q. 

Entyloma  australe  Speg.,  Fung.  Argent.,  pug.  2,  n.  26.  1880. 

Entyloma  Besseiji  Farl.,  Bot.  Gaz.,  8:  275.  Au.  1883. 

Entyloma  Physalidis  Wint.,  Hedw.,  22  :  130.  S.  1883. 

Exsiccati:  Entyloma  Physalidis  (K.  &  C.)  Wint.,  on  Physalis  lanceolata 
var.  laevigata,  Kell.  &  Sw.,  Kans.  Fungi,  38  a  ;  on  Physalis  longifolia,  Ell. 

&  Ev.,  Fungi  Col.,  1532  ;  on  Physalis  pubescens ,  Kell.  &  Sw.,  Kans.  Fungi, 
38  b,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  29;  on  Physalis 
Virginiana,  Seym.  &  Earle,  Econ.  Fungi,  341,  Ell.  &  Ev.,  Fungi  Col.,  43, 
Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  30  ;  on  Physalis  sp., 
Ell.,  N.  A.  bungi,  1491a-b  ;  on  Solanum  triflorum,  Ell.,  N.  A.  Fungi,  1491  b 
(after  1900),  Rab.-Wint.,  Fungi  Eur.,  3405. 

Sori  in  leaves,  forming  thin  at  first  light  yellow  but  later  darker 
colored  roundish  or  angular  areas,  usually  i-6  mm.  in  length ;  spores 
light  to  reddish  yellow,  ovoid  to  spherical  or  slightly  angled,  usually 
with  apparently  thick  wall,  chiefly  10-16  ^  in  length;  conidia  form¬ 
ing  whitish  epi-  or  hypophyllous  growths,  linear,  somewhat  curved, 
usually  30-55  p  x  1-2  p. 
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Hosts:  Physalis  angulata ,  Miss.;  P.  heterophylla ,  la.;  P.  lance- 
olata ,  la.,  Ill.,  Ivans..  Ohio,  S.  Dak.  ;  P.  lanceolata  var.  laevigata , 
Ivans.;  P.  Philadelphia ,  la.,  Inch;  JP.  pubescens ,  Conn,  (on  cult, 
strawberry  tomato),  Ill.,  Ind.,  Kans.,  Tex.,  Wise.;  P.  Virginiana , 
Conn.,  Ia.,  Ill.,  Mass.,  Mich.,  N.  J.,  N.  Y.,  Wise.,  Can. ;  Physalis 
sp.,  Conn.,  Ia.  (type  E.  Besseyi ),  Ivans.,  Ivy.,  Minn.,  Neb.,  N.  Y., 
Tex.,  Wise.,  Porto  Rico;  Solarium  nigrum ,  Ia.,  Ivans.;  S.  triflorum , 
N.  Dak. 

This  is  perhaps  the  most  common  species  of  Entyloma.  It  some¬ 
times  does  considerable  injury  to  the  cultivated  strawberry  tomato. 
Literature :  54. 

Entyloma  serotinum  Schrot. 

Entyloma  serotinum  Schrot.,  Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  437.  1877. 

Entyloma  leuto-maculans  Hume,  Proc.  Ia.  Acad.  Sci.,  9  :  238.  1902. 

Sori  in  leaves,  subcircular,  about  2-5  mm.  in  diameter,  thin,  light 
colored,  sometimes  with  slightly  darker  border,  usually  showing  on 
both  surfaces  though  more  plainly  below ;  spores  hyaline  to  light 
reddish  yellow,  ovoid  to  chiefly  subspherical  or  spherical,  occasion¬ 
ally  slightly  angled,  with  medium  thick  wall,  smooth,  11-15  /x.  in 
length  ;  conidia  not  observed.1 

Host:  Mertensia  Virginia,  Ia.  (type  E.  leuto-maculans ),  Md. 

The  American  specimens  on  Mertensia  agree  fairly  well  with  the 
European  form  of  this  species  on  Symphytum.  If  Entylo7na  canes- 
cens  on  Myosotis  is  distinct  from  this  species,  it  is  possible  that  the 
form  described  here  might  come  under  it.  Schroter  described  both 
species,  the  chief  difference  between  them,  apparently,  being  that 
Entyloma  canescens  is  usually  found  in  the  spring  and  its  spores 
germinate  in  the  leaves  producing  sporidia,  while  Entyloma  seroti¬ 
num  is  more  likely  to  be  found  in  the  fall  and  the  mycelium  gives 
rise  to  conidia  similar  to  the  sporidia  of  the  other  species.  The 
spores  of  the  two  are  alike.  Hume  thinks  that  the  American  speci¬ 
mens  are  distinct  from  either  of  the  European  species  and  he  has 
given  it  the  name  Entyloma  leuto-maculans  but  with  no  special 
specific  description  accompanying  it.  Literature  :  39,  87. 

1  Described,  however,  by  European  botanists  as  hyaline,  filiform,  26-50  p.  X 

2-3  ji. 
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Entyloma  Saniculae  Fk. 

Entyloma  Saniculae  Pk.,  Ann.  Rep.  N.  Y.  St.  Mus.  Nat.  Hist.,  38 :  100 
1885. 

Soii  in  leaves,  forming  small  whitish  to  reddish  brown  usually 
angular  areas,  limited  by  the  veins,  about  £-2  mm.,  showing  on 
both  surfaces  but  more  plainly  below,  often  with  slight  border  on 
upper  surface;  spores  light  to  reddish  yellow,  ovoid  to  chiefly 
subspherical  or  spherical,  thick  walled,  smooth,  11-16  y  in  length; 
conidia  chiefly  hypophyllous,  often  in  dense  white  tufts,  filiform, 
tapering,  often  curved,  about  30-45  y.  x  1.5  /x. 

Hosts:  Sanicula  Marylandica ,  la.,  Ill.,  N.  Y.  (type),  Wise.;  S. 
Menziesii ,  Calif. ;  Scinicula  sp.,  Ala.,  Ind. 

This  species  differs  from  Entyloma  Eryngii  in  the  uniformly 
11101  e  regular  spores  and  in  the  presence  of  conidia,  but  in  size  and 
color  of  spores  they  are  similar.  The  difference  in  general  appear¬ 
ance  of  the  sori  is  such  as  might  result  from  the  difference  in  the 
texture  of  the  leaves  infected.  The  germination  of  the  spores  has 
not  been  reported. 

* 

Entyloma  Eryngii  (Cda.)  DeBy. 

Physoderma  Eryngii  Cda.,  Icon.  Fung.,  3  :  3.  1839. 

Protomyces  Eryngii  Fckl.,  Symb.  Myc.,  75.  1869. 

Entyloma  Eryngii  DeBy.,  Bot.  Zeit.,  32  :  105.  1874. 

Sori  in  leaves,  varying  somewhat  with  the  host,  small,  polygonal, 
oi  nioie  elongated,  often  confluent,  at  first  yellowish  but  eventually 
reddish  brown,  showing  on  both  surfaces;  spores  light  to  reddish 
yellow,  ovoid  to  subspherical  or  often  polyhedral  or  more  irregular 
through  pressure,  thick  walled,  smooth,  usually  11-17  y  in  length; 
conidia  unknown. 

Host :  Eryngium  yuccaefolium ,  la. 

The  single  American  specimen  that  was  examined  does  not  agree 
exactly  with  the  European  form  of  this  species  either  in  the  spores 
or  in  the  sorus.  These  differences,  possibly,  may  result  from  the 
different  hosts  infected.  The  American  form  resembles  in  its  spores 
Entyloma  Saniculae  but  apparently  lacks  a  conidial  stage.  The 
germination  of  the  spores  has  been  reported  by  DeBary  and 
Woronin.  Literature:  39,45,203. 
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Entyloma  Linariae  Schrot. 

Entyloma  Linariae  Schrot.,  Cohn’s  Beitr.  Biol.  Pflanz.,  2:  371.  1877. 

Exsiccati :  Entyloma  Linariae  Schrot.,  on  Linaria  vulgaris ,  Ell.  &  Ev., 

N.  A.  Fungi,  2428. 

Sori  in  leaves,  forming  hypopliyllous  yellowish  more  or  less 
defined  spots,  scattered  or  somewhat  confluent,  thin,  oval  to  cir¬ 
cular,  about  ^-2  mm.  in  length  ;  spores  hyaline  to  yellowish,  chiefly 
subspherical  or  spherical,  smooth,  with  evident  double  wall,  11-15  p 
in  length  ;  conidia  apparently  lacking. 

Host:  Linaria  vulgaris ,  Conn.,  N.  J. 

This  species  should  be  looked  for  on  escaped  Linaria  introduced 
directly  from  Europe.  While  apparently  very  uncommon,  it  is 
likely  to  occur  in  abundance  when  found.  The  variety  is  more 
widely  distributed  and  some  botanists  believe  that  they  are  hardly 
distinct. 

Entyloma  Linariae  var.  Veronicae  Wint. 

Entyloma  Linariae  Amer.  Auct.  p.  p. 

Entyloma  Linariae  forma  Veronicae  Wint.,1  Rab.-Wint.  Fungi  Eur.,  3001. 

1884. 

Entyloma  Linariae  f.  Veronicae  Hals.,  Bull.  Torr.  Bot.  Club,  17 :  96. 

1890. 

Entyloma  veronicae  Lagerh.,  Bull.  Soc.  Myc.  Fr.,  7 :  170.  1891. 

Exsiccati :  Entyloma  Linariae  Schrot.,  on  Veronica  peregrina ,  Ell.,  N. 

A.  Fungi,  1487  ;  Entyloma  Linariae  Schrot.  forma  Veronicae  Wint., 

Rab.-Wint.  Fungi  Eur.,  3001,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust. 

Supp.,  C  20. 

Sori  usually  showing  on  both  surfaces  and  thus  more  evident  than 
with  the  species ;  spores  often  deeper  tinted  and  larger,  13-16  /x,  or 
most  elongated  sometimes  19  /x,  in  length;  conidia  described  as 
27—30  /x  x  2/x. 

Hosts  :  Veronica  Americana ,  Colo.,  N.  Y. ;  V.  peregrina ,  Conn., 
Ia.,  Ill.,  Md.,  Mo.  (type),  Wise. 

This  variety  has  been  considered  by  some  botanists  as  not  distinct 

1This  has  been  called  Entyloma  Linariae  forma  (also  var.)  Veronicae  Farl., 
but  Farlow  in  his  description  in  Bot.  Gaz.,  8  :  275,  called  it  Entyloma  Lin¬ 
ariae. 
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from  the  species,  and  by  others  as  an  entirely  new  species.  It  seems 
to  differ  from  the  species  chiefly  through  its  larger  spores.  The 
germination  has  not  been  described. 

Entyloma  Ellisii  Hals. 

Entyloma  Ellisii  Hals.,  Bull.  Torr.  Bot.  Club,  17  :  95.  1890. 

Sori  in  leaves,  forming  pale  white  spots,  indefinitely  limited,  sub¬ 
confluent,  spores  hyaline  or  slightly  yellowish  tinted,  clustered  in 
the  intercellular  spaces  beneath  the  stomata,  spherical,  thick  walled 
(2-5  y),  chiefly  16-20  y  but  varying  from  11-25  y  in  diameter; 
conidia  hypophyllous,  abundant,  acicular,  small,  10-14  y  by  less  than 

1  /JL. 

Host:  Spinacia  oleracea,  N.  J.  (type). 

Halsted  states  that  he  found  this  smut  on  hothouse  plants  which 
had  lost  their  chlorophyll  and  had  the  appearance  of  being  frost¬ 
bitten.  He  describes  the  mycelium  as  being  very  fine  and  notes  the 
very  peculiar  clustering  of  the  spores  beneath  the  stomata.  The 
variable  size  of  the  spores  and  their  thick  walls  are  also  peculiar 
characters.  In  bulletin  number  70  of  the  New  Jersey  Agr.  Exp. 
Station,  Halsted  gives  an  account  of  this  fungus  with  a  figure  but 
the  germination  of  the  spores  has  not  been  described. 

Entyloma  Eschscholtziae  Hark. 

Entyloma  Eschscholtziae  Hark.,  Bull.  Calif.  Acad.  Sci.,  1  :  40.  1884. 

Sori  in  leaves,  forming  whitish  subcircular  areas,  usually  with 
reddish  purple  border  or  discoloration  on  the  upper  side,  about  1 
mm.  in  diameter ;  spores  hyaline  to  reddish  yellow,  somewhat 
ovoid  or  subspherical  but  chiefly  of  more  or  less  irregular  polyhedral 
form  through  pressure,  adhering  together  rather  firmly,  with  evi¬ 
dence  of  gelatinous  sheath,  smooth,  10—15  y  in  length ;  conidia  not 
observed. 

Host:  Eschscholtzia  Calif ornica ,  Calif,  (type). 

The  smaller  sori  and  smaller  more  irregular  spores  seem  to  dis¬ 
tinguish  this  species  from  Entyloma  fascum  which  also  occurs  on 
the  Papaveraceae  and  which  some  botanists  consider  as  including 
this  species.  Further  collections  are  needed  to  definitely  settle  this 
point.  The  germination  of  the  spores  is  not  known. 
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Entyloma  fuscum  Schrot. 

Entyloma  fuscum  Schrot.,  Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  373.  1877. 

Entyloma  fuscellum  Schrot.,  Rab.  Fungi  Eur.,  2495.  1878. 

Entyloma  bicolor  Zopf,  Rab.  Fungi  Eur.,  2496.  1878. 

Exsiccati :  Entyloma  fuscum  Schrot.,  on  Papaver  sp.,  Seym.  &  Earle, 

Econ.  Fungi  Clinton  Ust.  Supp.,  C  19. 

Sori  in  leaves,  forming  discolored  somewhat  irregular  areas  usually 
limited  by  the  veins,  about  2-6  mm.  or  by  confluence  much  more 
extended,  often  with  conspicuous  white  hypophyllous  outgrowths ; 
spores  when  fully  matured  light  yellow  to  chestnut  brown,  ovoid 
to  subspherical  or  occasionally  somewhat  angled,  provided  (especially 
when  young)  with  a  conspicuously  swollen  gelatinous  envelope, 
smooth,  chiefly  13-19  p  in  length;  the  hypophyllous  matted  out¬ 
growths  usually  showing  few  conidia  which  are  described  as  fusi¬ 
form,  single  celled  or  septate,  10-22  p  x  3  p. 

Host:  Papaver  sp.  (cult.),  Me. ;  N.  Brunsw. 

This  European  species  has  been  reported  from  North  America 
only  on  cultivated  poppies  grown  along  the  northeastern  coast- 
region.  Possibly  when  more  is  known  about  its  distribution  it  will 
be  found  on  some  of  the  native  poppies  of  the  western  coast.  In 
fact  Entyloma  Eschscholtziae  is  considered  by  some  authorities  as  a 
possible  form  of  this.  The  gelatinous  envelope,  remains  of  the 
hyphal  thread,  while  rather  characteristic  is  variable,  evidently 
becoming  less  conspicuous  with  maturity.  Literature  :  39. 

Entyloma  microsporum  (Ung.)  Schrot. 

Protomyces  microsporus  Ung.,  Exanth.  Pflanz.,  343.  1833. 

Entyloma  Ungerianum  DeBy.,  Bot.  Zeit.,  32  :  105.  1874. 

Entyloma  microsporum  Schrot.,  Rab.  Fungi  Eur.,  1872.  1874. 

Exsiccati :  Entyloma  microsporum  (Ung.),  on  Ranunculus  septentrionalis, 

Ell.  &  Ev.,  Fungi  Col.,  542,  Ell.,  N.  A.  Fungi,  1488  (reported  on  R.  repens ), 

Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  25,  C  26. 

Sori  in  leaves,  forming  hard  fusoid  to  hemispherical  pustules,  often 
concavo-convex,  2-5  mm.  in  length,  usually  distinct,  whitish  or  even¬ 
tually  reddish  brown ;  spores  hyaline  or  slightly  tinted,  oblong  or 
ovoid  to  subspherical  or  polyhedral,  with  a  very  thick  usually  irreg¬ 
ular  epispore  which  is  often  somewhat  crenate,  12-22  p  in  length  ; 
conidia  not  known. 
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Hosts:  Ranunculus  fascicular  is,  Wise.;  R.  septentrionalis,\& ., 
Ill.,  Wise. ;  Ranunculus  sp.,  Ia. 

This  species  is  distinguished  by  the  hard  pustular  sori.  The 
spores  are  also  rather  characteristic  because  of  their  thick  irregular 
walls.  The  smut  is  not  uncommon  in  the  Mississippi  valley  though 
not  reported  elsewhere  as  yet.  The  germination  was  described  by 
DeBary.  Literature :  45. 

Entyloma  microsporum  var.  pygmaeum  Allesch. 

Entyloma  ynicrosporum  var.  pygmaea  Allesch.,  Bibl.  Bot.,  8:  40.  1897. 

Sori  on  leaves;  spores  hyaline  to  yellowish,  irregular,  oblong, 
spherical,  frequently  polyhedral,  with  large  oil  drops,  variable  in 
size,  12-18  /x  in  length. 

Host:  Ranunculus  pygmaeus,  Greenland  (type). 

The  writer  has  not  seen  a  specimen  of  this  variety  but  judging 
from  the  description  it  does  not  differ  essentially  from  the  species. 
Its  germination  has  not  been  reported. 

*  *  *  Spores  light  colored ;  produced  terminally  in  the  filaments. 

Entyloma  Nymphaeae  (Cunn.)  Setch. 

Rhamphospora  Nymphaeae  Cunn.,  Sci.  Mem.  Med.  Off.  Arm.  Ind.,  3  :  32. 

1887. 

Entyloma  Nymphaeae  Setch.,  Bot.  Gaz.,  19  :  189.  1894. 

Entyloma  castaliae  Holvv., 1  Trans.  Wise.  Acad.  Sci.,  Arts,  Lett.,  11  :  174— 

176.  1897. 

Exsiccati :  Entyloma  castaliae  Holw.,  on  Nuphar  advena,  Syd.,  Ust., 

277,  on  Nymphaea  tuberosa ,  Ell.  &  Ev.,  Fungi  Col.,  1487  ;  Entyloma 

Nymphaeae  (Cunn.)  Setch.,  on  Nymphaea  reniformis,  Seym.  &  Earle, 

Econ.  Fungi  Clinton  Ust.  Supp.,  C  27,  C  28. 

Sori  in  leaves,  forming  variable  often  very  irregular  areas,  usually 
most  prominent  on  under  side,  yellowish  or  with  age  reddish  brown, 
scattered  or  subconfluent ;  spores  hyaline,  ovoid  to  subspherical, 
usually  apiculate  and  with  remains  of  hypha  as  an  appendix  at  the 
opposite  end,  smooth  or  under  an  immersion  very  minutely  verrucu- 

1  Described  by  Davis  from  specimens  given  this  herbarium  name  by  Holway 
in  1885. 
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lose,  10-14  fx  in  length;  conidia  not  observed  but  spores  said  to 
germinate  in  situ. 

Hosts :  Nuphar  advena ,  Conn.,  Ill.,  Mass.,  Wise,  (type  E.  cas- 
taliae)  ;  Eymphaea  odorata ,  Conn.,  Mass.,  Ohio  ;  JSh.  reniformis , 
la.,  Ill.,  Wise,  (type  E.  castaliae) ;  JSTymphaea  sp.,  Ia.,  N.  J.,  Ohio. 

This  species  was  originally  described  from  India  by  Cunningham 
and  made  the  basis  of  a  new  genus  because  the  spores  are  formed 
terminally  in  the  branches  of  the  mycelium  and  because  of  certain 
features  in  the  germination  of  the  spores.  While  this  is  one  of  the 
most  distinct  species  of  Entyloma,  it  probably  does  not  deserve  sepa¬ 
rate  generic  rank.  Davis  regards  the  American  specimens  as  dif¬ 
ferent  from  the  Indian  because  of  certain  supposed  differences  in 
germination.  The  writer  believes,  with  Setchell,  that  they  are  the 
same.  Both  Cunningham  and  Davis  described  the  germination  of 
the  spores.  Literature  :  40,  43. 

Burrillia  Setch. 

Proc.  Amer.  Acad.  Arts  Sci.,  26  :  18-19.  1891. 

(Doassansiopsis  Diet.,  Engl.  &  Prantl  Nat.  Pflanzenf.,  1  1  *  *:  21.  1897.  p.  p.) 

Type  :  Burrillia  pustulata  Setch. 

* 

Host :  Sagittaria  variabilis.  Ill. 

Sori  in  various  parts  of  the  host,  generally  in  the  leaves  rather 
permanently  imbedded  in  the  tissues  :  spore  balls  without  a  distinct 
cortex  of  sterile  cells ,  conspicuous,  composed  entirely  of  fertile  cells 
or  with  some  sterile  parenchymatous  cells  ;  spores  hyaline  or  yellow¬ 
ish,  rather  firmly  united,  of  medium  size,  similar  to  those  of  Enty¬ 
loma  ;  germination  similar  to  that  of  Entyloma. 

This  genus  connects  Entyloma  with  Doassansia.  It  is  distin¬ 
guished  from  the  former  by  the  possession  of  definite  spore  balls 
and  from  the  latter  by  the  absence  of  a  definite  cortex  of  sterile 
cells.  Very  often,  however,  remains  of  the  ungelatinized  mycelial 
threads  surround  the  spore  balls  as  a  sort  of  false  cortex.  Like 
Doassansia  the  species  inhabit  hosts  growing  in  very  moist  situa¬ 
tions.  The  only  species,  three  in  number,  that  have  been  described, 
are  from  North  America. 
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Burrillia  decipiens  (Wint.)  Clint. 

Doassansia  decipiens  Wint.,  Journ.  Myc.,  1 :  102.  1885. 

Burrillia  decipiens  Clint.,  Journ.  Myc.,  8  :  154.  1902. 

Sori  in  leaves,  forming  yellowish  circular  areas,  thin,  witlTspore 
balls  showing  as  minute  elevations  ;  spore  balls  situated  chiefly  in 
the  palisade  layer,  densely  clustered,  consisting  of  a  firmly  adhering 
mass  of  spores  without  a  definite  cortex  though  partially  covered 
with  remains  of  dark  brown  thick  walled  sterile  threads,  chiefly  sub- 
spherical,  75-140  n  in  diameter;  spores  pale,  polyhedral  or  often 
more  irregular,  with  moderately  thick  smooth  walls,  8-12  p,  in 
diameter. 

Host:  Limnanthemum  lacunosum,  N.  J.  (type). 

This  species  has  been  reported  but  once,  having  been  collected 
originally  by  Mr.  E.  A.  Rau  in  New  Jersey.  The  sterile  hyphae 
are  not  in  the  nature  of  true  cortical  cells,  as  in  cross  section  they 
show  as  rather  indistinct  threads,  apparently  only  partially  surround¬ 
ing  the  spore  balls.  From  the  character  of  these  threads  the  spe¬ 
cies  approaches  somewhat  Doassansia  Epilobii  which  has  very 
small  cortical  cells.  The  germination  of  the  spores  evidently  takes 
place  in  situ ,  though  the  exact  character  of  this  has  not  been  de¬ 
scribed.  Literature:  29,160,161. 

Burrillia  Echinodori  Clint. 

Doassansia  Alismatis  of  Hark,  in  Proc.  Calif.  Acad.  Sci.,  ii,  2  :  231.  1889. 

Burrillia  Echinodori  Clint.,  Journ.  Myc.,  8:  154.  1902. 

Soii  in  leaves,  forming  irregular  to  subcircular  areas,  showing 
spore  balls  as  closely  clustered  very  minute  elevations  on  both  sur¬ 
faces;  usually  a  single  spore  ball  occupying  entire  section  of  leaf 
between  layers  of  the  epidermis,  more  or  less  merged  sidewise,  often 
irregular  but  chiefly  oblong  to  subspherical,  without  distinct  cortex 
but  composed  of  sterile  cells  and  spores  intermixed ;  sterile  cells 
light  reddish  brown  with  thinner  walls  than  the  spores  and  more 
ii i egulai  in  shape  and  size;  spores  light  colored,  chiefly  ovoid  to 
spherical,  occasionally  somewhat  flattened,  aj^parently  thick  walled, 
12-18  fx  in  length. 

Host :  Echinodorus  rostratus ,  Calif.,  Fla.  (type). 

This  species  was  first  reported,  apparently,  from  California  by  Hark- 
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ness,  who  called  it  Doassansia  Alismatis.  Setchell  evidently  made 
an  examination  of  this  material,  as  he  states  that  it  is  not  this  species 
but  an  Entyloma  with  a  compact  spore  ball.  The  writer’s  descrip¬ 
tion  is  based  on  a  specimen  in  the  herbarium  of  the  IT.  S.  department 
of  agriculture,  Division  of  vegetable  pathology  and  physiology, 
collected  by  Simson  in  Florida  in  1892.  Sections  from  this  material 
show  that  the  spore  balls  have  no  definite  cortex  and  that  the  spores 
are  larger  and  thicker  walled  than  either  Doassansia  Alismatis  or 
Doassansia  Sagittariae ,  to  which  the  species  has  superficial  resem¬ 
blance.  The  spore  balls  are  also  much  larger;  these  in  some  cases, 
however,  appear  to  be  due  to  a  very  complete  fusion  of  smaller 
spore  balls.  The  peculiarity  of  the  species  is  that  the  spore  balls 
are  not  composed  entirely  of  spores  but  of  sterile  cells  and  spores 
intermixed.  The  sterile  cells  are  not  strikingly  different  from  the 
spores  but  still  have  more  the  appearance  of  the  ordinary  cortical 
cells.  Upon  staining  with  eosin  the  spores  become  more  evident 
through  their  thicker  more  regular  walls.  Their  germination  is  not 
known.  Literature:  29. 

Burrillia  pustulata  Setch. 

Burrillia  pustulata  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26:  18.  1891. 

Doassansiopsis  pustulata  Diet.,  Nat.  Pflanzenf.,  I1  *  *  :  22.  1897. 

Exsiccati  :  Burrillia  pustulata  Setch.,  on  Sagittaria  variabilis ,  Seym.  & 

Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C.  1. 

Sori  in  leaves,  forming  small  hypophyllous  blisters  irregularly 
clustered  or  scattered  over  the  surface  and  eventually  rupturing, 
showing  above  as  small  more  or  less  distinct  yellowish  or  reddish 
brown  areas  ;  spore  balls  situated  in  the  spongy  parenchyma,  con¬ 
sisting  of  several  irregular  layers  of  fertile  cells  within  which  is  a 
central  mass  of  parenchymatous  cells  with  oily  contents,  ellipsoidal, 
large,  200-350  p  in  length ;  spores  rather  firmly  adhering  sub- 
spherical  or  polyhedral,  rarely  more  irregular,  chiefly  8-12  p  in 
diameter. 

Host:  Sagittaria  variabilis,  Ill.  (type),  Wise. 

The  blister-like  pustules  are  characteristic  of  this  species.  The 
spore  balls  are  formed  just  beneath  the  epidermis  in  the  spongy 
parenchyma  and  so  are  easily  loosened  when  by  germination  the 
epidermis  is  ruptured,  and  may  drop  out  leaving  behind  very  small 
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pits  to  indicate  their  position.  The  character  of  the  germination 
has  been  described  by  Setchell.  Literature:  48,  160,  161. 

Doassansia  Cornu. 

Ann.  Sci.  Nat.,  Bot.,  vi,  15  :  285.  1883. 

( Setchellia  Magn.,  Ber.  Deut.  Bot.  Ges..  13  :  408-472.  1895.) 

(Doassansio2)sis  Diet.,  Engl.  &  Prantl  Nat.  Pflanzenf.,  I1  *  *:  21.  1897.  p.  p.) 

Type  :  Doassansia  Alismatis  (Nees)  Cornu. 

Host:  Alisma  Plantago.  Eur. 

Sori  in  various  parts  of  the  host,  usually  in  the  leaves,  rather 
permanently  embedded  in  the  tissues  ;  spore  balls  conspicuous,  per¬ 
manent,  consisting  of  a  distinct  cortical  layer  and  a  central  mass 
of  fertile  cells  entirely  filling  the  interior  or  with  innermost  spores 
supplanted  by  parenchymatous  cells  or  hyphal  threads;  spores  hya¬ 
line  or  yellowish ,  with  smooth  usually  thin  walls,  of  medium  size ; 
germination  often  in  situ ,  by  means  of  a  short  promycelium  which 
gives  rise  to  a  terminal  group  of  elongated  sporidia  and  these  often 
bearing  secondary  and  even  tertiary  groups. 

The  possession  of  a  distinct  cortex  of  sterile  cells  is  the  chief 
characteristic  of  the  genus.  These  sterile  cells  are  often  larger  and 
more  deeply  colored  than  the  spores.  Because  of  the  variation  in 
the  different  species  in  the  character  of  the  internal  cells,  it  is  pos¬ 
sible  to  make  different  generic  combinations.  It  seems  better  to 
follow  the  generic  and  subgeneric  groups  proposed  by  Setchell 
rather  than  those  later  offered  by  Dietel,  especially  as  the  latter’s 
arrangement  shows  no  superiority.  The  members  of  this  genus 
are  found  usually  on  plants  living  in  moist  situations,  occurring  very 
frequently  on  the  Alismaceae.  Saccardo  describes  23  species  ;  10 
species  and  1  variety  are  from  North  America. 

Setchell,  to  whom  we  are  chiefly  indebted  for  our  knowledge  of 
this  genus,  has  proposed  the  following  subgenera : 

Eudoassansia  :  Body  of  the  spore  balls  consisting  entirely  of 
spores  which  are  readily  separated  from  one  another  at  maturity  — 
D.  Epilobii ,  D.  ranunculina ,  D.  Sagittariae ,  D.  Alismatis ,  D. 
opaca. 

Doassansiopsis  :  Central  portion  of  the  spore  balls  consisting  of 
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a-  compact  mass  of  parenchymatous  tissue  ;  spores  in  one  or  more 
layers,  tightly  compacted  —  D.  occulta,  D.  occulta  var.  Farlowii, 
I).  Martianoffiana,  D.  intermedia ,  I),  deformans. 

P setjdodo assansia  i  Central  portion  of  the  spore  balls  composed 
of  an  irregular  mass  of  fine,  densely  interwoven  hyphae  ;  spores  in 
several  laj^ers,  loosely  compacted  —  D.  obscura. 


*  Eudoassansia. 

Doassansia  Epilobii  Fail. 

Doassansia  Epilobii  Farl.,  Bot.  Gaz.,  8:  277.  1883. 

Exsiccati  :  Doassansia  Epilobii  Farl.,  on  Epilobium  montanum ,  Ell.,  N. 

A.  Fungi,  1486. 

Sori  in  leaves,  thin, forming  at  first  yellowish  but  later  dark  brown 
spots  in  which  the  aggregated  spore  balls  show  as  minute  darker 
colored  elevations ;  spore  balls  situated  in  the  spongy  parenchyma¬ 
tous  tissue,  usually  clustered,  consisting  of  a  rather  indefinite  cortex 
and  a  spore  mass  entirely  filling  the  interior,  ellipsoidal  to  irregu¬ 
larly  spherical,  120-220  p  in  length  ;  cortical  cells  dark  brown, 
irregularly  polyhedral  or  flattened  radially,  with  thick  walls,  small, 
8-10  p  in  length ;  spores  light  brownish,  broadly  ellipsoidal  to 
irregularly  polyhedral  or  subspherical,  with  smooth  moderately 
thick  walls,  chiefly  8-12  p  in  length. 

Host :  Epilobium  alpirmm ,  N.  H.  (type) . 

This  species  has  been  reported  only  from  the  White  Mountains 
by  its  discoverer,  Professor  Farlow.  The  external  layer  of  sterile 
cells  is  not  very  prominent  but  is  apparently  a  true  cortex.  The 
germination  of  the  spores  is  not  known.  Literature  :  54,  160,  161. 

Doassansia  ranunculina  Davis. 

Doassansia  rununculina  Davis,  Bot.  Gaz.,  19  :  416.  1894. 

Exsiccati :  Doassansia  ranunculina  Davis  n.  sp.,  ou  Ranunculus  inulti- 

fidus,  Ell.  &  Ev.,  N.  A.  Fungi,  3238,  Ell.  &  Ev.,  Fungi  Col.,  1531. 

Sori  in  leaves,  thin,  forming  light  brown  spots  2-4  mm.  in  diam¬ 
eter,  with  the  spore  balls  showing  as  numerous  minute  clustered 
papillae  ;  spore  balls  developed  in  both  palisade  layer  and  spongy 


478  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


parenchyma,  consisting  entirely  of  fertile  cells  surrounded  by  a 
definite  cortex,  ovoid  to  spherical,  about  100-160  ^  in  length;  cor¬ 
tical  cells  reddish  brown,  polyhedral  or  cubical  to  oblong,  often 
irregular,  thin  walled,  moderately  prominent,  chiefly  10-18  y  in 
length ;  spores  hyaline  to  yellowish,  chiefly  subspherica]  or  poly¬ 
hedral,  with  thin  smooth  walls,  about  10-14  y  in  diameter. 

Host :  Ranunculus  multifidus,  Wise,  (type) . 

The  spore  balls  are  often  so  crowded  in  the  leaf  that  they  become 
irregular  in  shape.  This  crowding,  apparently,  also  affects  more  or 
less  the  character  of  the  cortical  cells,  which,  as  seen  in  cross  sections, 
are  often  lacking  in  places,  or  again  are  more  than  one  row  deep. 
In  this  respect  the  species  approaches  quite  closely  Doassansia  tiag- 
ittariae.  The  sori  occur  in  both  the  petioles  and  leaf  blades  and 
the  spores  are  said  to  germinate  in  situ.  Davis  has  described  their 
germination. 

Doassansia  Sagittariae  (West.)  Fisch. 

Uredo  Sagittariae  West.,  Herb.  Crypt.  Beige,  1177.  1857. 

Physoderma  Sagittariae  Fckl.,  Fung.  Rhen.,  1549.  1865. 

Protomyces  Sagittariae  Fckl.,  Symb.  Myc.,  75.  1869. 

Protomyces  Bizzozerianus  Sacc.,  Myc.  Yen.,  889.  1876. 

Entyloma  Bizzozerianum  Sacc.,  Mich.,  2  :  135.  1880. 

Doassansia  Sagittariae  Fisch,  Ber.  Deut.  Bot.  Ges.,  2  :  405-416.  1884. 

Doassansia  sagittariae  forma  conjluens  Davis,  Trans.  Wise.  Acad.  Sci.,  Arts, 
Lett.,  14:92.  1903. 

Exsiccati :  Doassansia  Sagittariae  (West.)  Fisch,  on  Sagittaria  arifolia , 
Seym.  &  Earle,  Econ.  hungi  Clinton  Ust.  Supp.,  C  14,  on  Sagittaria  grami- 
nea ,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  15 ;  Protomyces 
Sagittariae  Fckl.,  on  Sagittaria  variabilis,  Rab.-Wint.,  Fungi  Eur.,  2902a. 

Sori  in  leaves,  thin,  showing  as  distinct  or  somewhat  merged  yel¬ 
lowish  oi  reddish  brown  areas  in  which  the  spore  balls  form  numer¬ 
ous  very  minute  elevations;  spore  balls  situated  in  either  palisade 
layer  or  the  spongy  parenchyma,  consisting  of  a  distinct  cortex  with 
spore  mass  entirely  filling  the  interior,  subspherical,  about  100-125  y 
in  diameter ;  cortical  cells  light  reddish  brown,  ovate  to  subspherical 
or  irregularly  polyhedral,  rather  thin  walled,  loosely  adhering,  promi¬ 
nent,  10-18  y  in  length  ;  spores  loosely  compacted,  chiefly  subspheri¬ 
cal  or  polyhedral,  with  moderately  thick  smooth  wall,  chiefly 
8-13  fx  in  diameter. 
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Hosts:  Sagittaria  art  folia,  Ill.;  S.  graminea ,  Ill. ;  S.  heterophylla , 
Wise,  (type  D.  sagittariae  forma  confluens )  ;  S.  variabilis ,  Ivans., 
Mo.,  N.  Y.,  Ohio,  Wise.;  Sagittaria  sp.,  Mo.,  Vt.,  Can. 

Cross  seetions  show  the  spore  balls  very  abundant  and  often  vari¬ 
able  in  eharaeter  due  to  the  crowding.  Davis  describes  a  form  con¬ 
fluens  on  S.  heterophylla  which  has  larger  spore  balls  than  usual 
and  which  are  often  confluent.  The  species  is  closely  related  to 
Doassansia  Alismatis.  The  germination  of  the  spores  has  been 
described  by  Fisch  and  Brefeld.  Literature:  23,  59,  160,  161. 

Doassansia  Alismatis  (Nees)  Cornu. 

1  Sclerotium  Alismatis  Nees,  Fr.  Syst.  Myc.,  2  :  257.  1822. 

Perisporium  Alismatis  Fr.,  Syst.  Myc.,  3:  252.  1829. 

Dothidea  alismatis  Ivirclm.,  Lotos,  6  :  205.  1856. 

Sphaeria  Alismatis  Curr.,  Trans.  Linn.  Soc.,  22  :  334.  1859. 

Uredo  alismacearum  Cronan,  FI.  Finist,  8.  1867. 

Sphaeropsis  alismatis  Cke.,  Handb.  Fungi,  429.  1871. 

Aecidium  incarceration  B.  &  Br.,  Ann.  Mag.  Nat.  Hist.,  iv,  15  :  36.  1875. 

?  Protomyces  macularis  Thiim.,  Bull.  Imp.  Soc.  Nat.  Mosc.,  52 1 :  130.  1877. 

Phyllosticta  Alismatis  Sacc.  &  Speg.,  Mich.,  1:  144.  1878. 

Entyloma  Alismacearum  Sacc.,  Mich.,  2  :  44.  1880. 

Doassansia  Alismatis  Cornu,  Ann.  Sci.  Nat.,  Bot.,  vi,  15  :  285.  1883. 

Phyllosticta  Curreyi  Sacc.,  Syll.  Fung.,  3:  60.  1884. 

Exsiccati :  Doassansia  Alismatis  (Nees)  Cornu,  on  Alisma  Plantago , 
Ell.,  N.  A.  Fungi,  1485,  Ell.  &  Ev.,  Fungi  Col.,  476,  Syd.,  Ust.,  186. 


Sori  in  leaves,  thin,  forming  at  first  yellowish  but  eventually  red¬ 
dish  brown  spots,  subcircular  or  irregular,  distinct  (5-12  mm.)  or 
irregularly  confluent,  with  spore  balls  showing  as  very  minute 
chiefly  epiphyllous  elevations ;  spore  balls  situated  in  both  palisade 
layer  and  spongy  parenchyma,  consisting  of  a  very  distinct  cortex 
with  sjiore  mass  entirely  filling  the  interior,  chiefly  spherical,  120- 
180  /x  in  diameter;  cortical  cells  light  brown,  usually  radially 
elongated,  rather  uniform,  prominent,  12-20  y  x  4-10  y;  spores 
light  colored,  loosely  packed  together,  ellipsoidal  to  spherical  or 
polyhedral,  with  rather  thick  smooth  walls,  chiefly  8-11  y  in  length. 

Host:  Alisma  Plantago ,  Calif.,  Ia.,  Ivans.,  Minn.,  Mo.,  Neb.,  N. 
Y.,  Wise. 

This  is  a  rather  widely  distributed  species  and  the  one  upon  which 

1  The  synonymy  given  here  is  taken  from  Setchell’s  paper. 
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Cornu  founded  the  genus.  It  is  closely  related  to  JDoassansia 
Sagittariae ,  having  the  same  general  appearance  on  its  host ;  it  has, 
however,  somewhat  larger  spore  balls,  more  elongated  cortical  cells 
and  a  different  type  of  germination,  which  Setchell  describes.  Lit¬ 
erature :  23,  38,  39,  41,  160,  161. 

Doassansia  opaca  Setch. 

Proiomyces  Sagittariae  of  Earl,  in  Bot.  Gaz.,  8:  276.  1883. 

Doassansia  opaca  Setch.,  Proc.  Amer.  Acad.  Arts  Sc i.,  26:  15.  1891. 

Exsiccati :  Doassansia  opaca  Setch.  n.  sp.,  on  Sagittaria  variabilis,  Rab.- 

Wint.-Paz.,  Eungi  Ear.,  3802,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust. 

Supp.,  C  12,  C  13. 

Sori  in  leaves,  forming  evident  opaque  subcircular  pustules  about 
2—5  mm.  in  diameter  and  showing  elevation  on  both  surfaces  of  the 
leaf,  more  or  less  scattered  in  yellowish  or  reddish  brown  usually 
widely  discolored  areas ;  spore  balls  closely  compacted  in  a  single 
layer  occupying  most  of  the  space  between  the  two  layers  of  epider¬ 
mis,  consisting  of  a  very  distinct  cortex  and  a  mass  of  fertile  cells 
entirely  filling  the  interior,  oblong  to  subspherical  or  cubical,  200— 
300  fx  in  greatest  length ;  cortical  cells  reddish  brown,  oblong  or 
subcubical,  very  prominent,  about  14—27  p  in  length  ;  spores  rather 
loosely  compacted,  chiefly  subspherical,  with  smooth  walls,  10-15  p 
in  diameter. 

Host :  Sagittaria  variabilis ,  Conn.,  Ill.,  Mass,  (type),  R.  I. 

The  species  is  characterized  by  the  opaque  sori  that  show  on  both 
surfaces  of  the  leaf  as  evident  lead  colored  blisters.  This  is  pro¬ 
duced  by  a  very  compact  arrangement  of  the  large  spore  balls  which 
in  cross  section  show  as  a  single  layer  having  those  at  the  ends 
smallei  and  usually  of  triangular  shape.  In  July,  when  the  sori  are 
young  they  appear  as  yellowish  thin  spots  scattered  over  the  leaf, 
but  in  August  the  spore  balls  begin  to  mature  and  the  sori  to  thicken. 
The  germination  of  the  spores  has  not  been  reported.  Literature  * 
54,  160,  161. 


*  *  Doassansiopsis. 

Doassansia  occulta  (Hoffm.)  Cornu. 

Sclerotium  occultum  Hoffm.,  Ic.  Anal.  Fung.,  67-68,  t.  16,  f.  1-9.  1863. 
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Doassansia  occulta  Cornu  (Farl.  in  Trans.  OttawaField  Nat.  Club,  2  :  127. 

1884.) 

Doassansiopsis  occulta  Diet.,  Nat.  Pflanzenf.,  1 1  *  *  :  21.  1897. 

Exsiccati :  Doassansia  occulta  (Hoffm.),  on  Potamogeton  Claytonii ,  Rab.- 

Wint.-Paz.,  Fungi  Eur.,  3801. 

Sori  in  ovaries,  causing  them  to  become  considerably  swollen, 
ovate,  olive  green  to  reddish  brown  ;  spore  balls  situated  in  the 
endocarp,  consisting  of  a  distinct  cortex  within  which  is  a  single 
layer  of  fertile  cells  surrounding  a  central  mass  of  parenchymatous 
cells,  ellipsoidal  to  spherical,  often  irregular,  100-160  g  in  length ; 
cortical  cells  polyhedral  or  more  elongated  tangentially,  8-10  y  in 
length;  spores  adhering  rather  firmly,  about  10-12  g  in  length. 

Hosts  :  Potamogeton  Pennsylvania^ ,  Conn.,  N.  Y. ;  Potamoge¬ 
ton  sp.,  Ill.,  Ivans. 

This  species  seems  distinct  from  Doassansia  Martianoffiana , 
which  occurs  in  the  leaves  of  Potamogeton,  since  the  two  are  rarely 
found  associated  together,  and  since  the  latter  also  possesses  conidia. 
The  germination  has  been  described  by  Setchell.  Literature  :  48, 
160,  161. 

Doassansia  occulta  var.  Farlowii  (Cornu)  Setch. 

Doassansia  Farlowii  Cornu,  Ann.  Sci.  Nat.,  Bot ,  vi,  15  :  287.  1883. 

Doassansia  occulta  var.  Farlowii  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26  : 

17.  1891. 

Sori  and  spore  balls  as  in  the  species  ;  cortical  cells  smaller ;  spores 
chiefly  oblong,  about  16  g  x  3-4  p. 

Hosts :  Potamogeton  natans ,  Can. ;  P.  Penns  ylvaniais ,  Yt.  ;  P. 
perfoliatus  var.  lanceolatus,  Can. ;  P.  pusillus ,  Can. ;  P.  Vaseyi , 
Can.  (type). 

Setchell  kept  this  as  a  distinct  variety  because  the  spores  are 
more  elongated.  The  variety  has  been  studied  only  on  Potamogeton 
Vaseyi  and  it  is  possible  that  further  study  on  this  and  the  other 
supposed  hosts  will  show  that  it  is  not  so  distinct  as  it  seems  to  be 
from  Setchell’s  account.  Literature:  38,  39,  160,  161. 

Doassansia  Martianoffiana  (Thiim.)  Schrot. 

Protomyces  Martianoffianus  Thiim.,  Bull.  Soc.  Imp.  Nat.  Mosc.,  53  1  :  207. 

1878. 
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Doassansia  Martianoffiana  Schrot.,  Krypt.  FI.  Schles.,  3 1 :  287.  1887.  p.  p. 

Doassansiopsis  Martianoffiana  Diet.,  Nat.  Pflanzenf.,  1 1  *  *  :  21.  1897. 

Exsiccati :  Doassansia  Martianoffiana  (Thtim.),  on  Potamogeton  sp.,  Ell. 

&  Ev.,  N.  A.  Fungi,  3239,  Ell.  &  Ev.,  Fungi  Col.,  863,  Seym.  &  Earle,  Econ. 

Fungi  Clinton  L st.  Supp.,  C  9,  C  10;  on  Potamogeton  natans,  Seym.  & 

Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  11. 

Sori  in  leaves,  thin,  forming  at  first  yellowish  but  eventually  red¬ 
dish  brown  discolorations,  distinct  as  small  circular  spots  or  more 
usually  merged  into  indefinite  areas  often  covering  greater  surface 
of  leaf;  spore  balls  situated  in  the  spongy  parenchyma,  consisting 
of  a  distinct  cortex  surrounding  a  single  layer  of  fertile  cells  within 
v  hich  is  a  central  mass  of  parenchymatous  cells,  subspherical  or 
spherical,  100—160  p  in  diameter;  cortical  cells  brown,  small ;  spores 
slightly  tinted,  chiefly  polyhedral  or  slightly  elongated  radially,  8- 
12  p  in  length. 

Hosts :  Potamogeton  riatans ,  Mass.  ;  P  otamogeton  sp.,  Conn., 
Ill.,  N.  Y.,  Wise.,  Can. 

4  his  fungus  is  closely  related  to  Poassansia  occulta  occurring  in 
the  ovaries  of  similar  hosts.  The  spores  apparently  germinate  in 
the  host,  giving  rise  to  a  sort  of  conidial  growth.  Literature  :  48, 
160,  161. 

Doassansia  intermedia  Setch. 

Doassansia  intermedia  Setch.,  Bot.  Gaz.,  19  :  185-186.  1894. 

Doassansia  affinis  Ell.  &  Dearn.,  Bull.  Torr.  Bot.  Club,  22  :  364.  1895. 

Exsiccati :  Doassansia  affinis  Ell.  &  Dearn.,  on  Sagittaria  variabilis1  Ell. 

&  Ev.,  N.  A.  Fungi,  3341,  Ell.  &  Ev.,  Fungi  Col.,  862, 

Soii  in  leaves,  forming  light  yellow  to  brownish  subcircular  spots, 
^~I2  mm.  in  diameter,  with  spore  balls  showing  as  minute  hypophyl- 
lous  pustules ,  spore  balls  situated  in  spongy  parenchyma,  consisting 
of  a  cortex  surrounding  several  layers  of  spores  and  a  central  mass 
of  parenchymatous  cells,  ellipsoidal  to  spherical,  200-300  p  in  length; 
cortical  cells  with  dark  brown  moderately  thick  walls,  chiefly  sub- 
spherical,  cubical,  or  polyhedral,  occasionally  more  elongated  of 
medium  size,  9-14  p  in  length ;  parenchymatous  cells  thin  walled, 
empty,  about  the  size  of  the  spores  or  slightly  larger ;  spores  adher¬ 
ing  rather  firmly,  ellipsoidal  to  chiefly  spherical,  chiefly  8-11  p  in 
length. 
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Host:  Sagittaria  variabilis,  la.,  Minn.,  N.  H.  (type).,  Wise., 
Can.  (type  D.  affinis). 

This  species  is  intermediate  between  Durrillia  pustulata  and 
Doassansia  Sagittariae ,  differing  from  the  former  by  its  distinct 
cortex  and  from  the  latter  by  the  presence  of  the  central  parenchy¬ 
matous  cells.  The  germination  is  not  known.  There  has  been 
another  species  described  under  the  same  name  from  France.  If 
that  is  really  distinct,  the  present  fungus  has  prior  claim  to  the  name. 
Literature  :  29,  43,  162. 

Doassansia  deformans  Setch. 

Doassansia  deformans  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26  :  17.  1891. 

Doassansiopsis  deformans  Diet.,  Nat.  Pflanzenf.,  I1**:  21.  1897. 

Exsiccati :  Doassansia  deformans  Setch.,  on  Sagittaria  variabilis ,  Ell. 

&  Ev.,  N.  A.  Fungi,  2705,  Ell.  &  Ev.,  Fungi  Col.,  272,  Rab.-Wint.-Paz. , 

Fungi  Eur.,  4002,  Seym.  &  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  8. 

Sori  in  various  parts  of  the  host,  usually  causing  conspicuous  dis¬ 
tortions  when  in  the  petioles  or  midribs,  sometimes  even  2-3  cm. 
in  width  by  7-8  cm.  in  length  ;  spore  balls  filling  intercellular  spaces, 
consisting  of  a  cortical  layer  surrounding  a  single  layer  of  fertile 
cells  and  a  central  mass  of  parenchymatous  cells,  spherical,  100-140  p 
in  diameter;  cortical  cells  polyhedral,  occasionally  slightly  elongated 
tangentially,  sometimes  even  triangular  in  cross  section,  small,  4-6  p 
x  8-12  p ;  parenchymatous  cells,  thin  walled,  without  contents, 
chiefly  larger  than  the  spores,  sometimes  even  22  p  in  length  ;  spores 
ovoid  to  polyhedral,  rather  firmly  united,  with  rather  thin  smooth 
walls,  8-12  p,  rarely  15  p,  in  length. 

Hosts:  Sagittaria  variabilis,  Conn,  (type),  Ill.,  Mass.,  Mo.,  R.  I., 
S.  Dak.,  Wise.,  Can. ;  S.  variabilis  var.  angustifolia ,  Ill. ;  Sagit¬ 
taria  sps.,  Fla.,  Tex. 

This  species  is  distinguished  by  the  very  evident  distortions  that 
it  produces  on  various  parts  of  the  host.  Sometimes,  however,  when 
the  sori  occur  in  the  leaf  blade  the  distortion  is  not  very  evident. 
The  structure  of  the  spore  balls  is  very  similar  to  that  of  Doassansia 
occulta.  The  germination  of  the  spores  is  described  by  Setchell. 
Literature:  160,161. 
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*  *  *  PSEUDODOASSANSIA. 

Doassansia  obscura  Setcb. 

Doassansia  obscura  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26:  16.  1891. 

Sori  not  evident,  the  spore  balls  being  produced  in  the  interior  of 
the  basal  parts  of  the  petioles  without  special  distortion  or  discolora¬ 
tion  though  evident  upon  rupture  of  the  enclosing  tissues  ;  spore 
balls  arranged  in  single  rows  in  the  air  chambers,  consisting  of  a  dis¬ 
tinct  cortex  surrounding  several  irregular  layers  of  spores  and  a  cen- 
tial  mass  of  indefinite  fungous  hyphae,  oblong  to  subspherical,  large, 
150-300  p  in  length  ;  cortical  cells  rather  light  brown  and  thin 
walled,  ovoid  to  obovate  or  subcordate,  conspicuous,  12-18  /x  x  8- 
l-/x;  spores  light  brown,  chiefly  subspherical,  with  thin,  smooth 
walls,  about  8—12  p  in  diameter. 

Host:  Sagittaria  variabilis,  Conn,  (type),  Mass.  (type). 

The  central  mass  of  fungous  filaments  in  the  spore  balls  distin¬ 
guishes  this  from  any  of  the  other  species  of  Doassansia.  For  this 
reason  Setchell  placed  it  in  a  distinct  subsection.  The  heart  shaped 
cortical  cells  are  also  peculiar.  Sometimes  Doassansia  deformans 
forms  groups  of  spore  balls  in  the  petioles  and  is  likely  to  be  mis¬ 
taken  for  this  species.  The  former  can  be  told  usually  by  its  smaller 
darker  colored  spore  balls.  Unless  the  petioles  are  torn  open  for 
examination  Doassansia  obscura  is  so  inconspicuous  that  it  will 
readily  escape  detection  ;  this  may  possibly  account  for  the  lim¬ 
ited  distribution  accorded  the  species.  Its  germination  has  been 
described  by  Setchell.  Literature:  160,161. 

Tracy  a  Syd. 

Hedw.,  Beibl.,  40:  (3).  1901. 

( Cornuella  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26:  19.  1891.) 

Type  :  Tracya  Lemnae  (Setch.)  Syd. 

Host:  Spirodela  polyrrhiza.  Mass. 

Sori  in  the  leaves  (fronds),  permanently  imbedded  in  the  tissues  ; 
spo't  e  balls  conspicuous,  without  cortical  layer ,  composed  of  a  single 
layer  of  fertile  cellsenclosing  a  network  of  septate  filaments  /  spores 


CLINTON:  NORTH  AMERICAN  USTILAGINEAE. 


485 


hyaline  to  yellowish ,  firmly  united,  of  small  to  medium  size;  germi¬ 
nation  as  in  Doassansia. 

Tracya  shows,  perhaps,  the  highest  development  attained  by  the 
Tilletiaceae.  Like  Doassansia  it  is  an  aquatic  form  and  this  possibly 
explains,  in  part,  the  great  differentiation  of  spore  structure  attained 
by  these  genera.  There  has  been  but  a  single  species  described. 
Very  unfortunately  the  name  proposed  for  the  genus  by  Setchell 
had  been  used  a  few  months  earlier  by  Pierre  for  a  genus  of  flower¬ 
ing  plants.  Sydow,  who  discovered  this,  renamed  the  genus  after 
S.  M.  Tracy,  of  Mississippi. 

Tracya  Lemnae  (Setch.)  Syd. 

Cornuella  Lemnae  Setch.,  Proc.  Amer.  Acad.  Arts  Sci.,  26  :  19.  1891. 

Tracya  Lemnae  Syd.,  Hedw.,  Beibl.,  40:  (3).  1901. 

Exsiccati :  Tracya  Lemnae  (Setch.)  Syd.,  on  Spirodela  polyrrhiza ,  Seym. 

&  Earle,  Econ.  Fungi  Clinton  Ust.  Supp.,  C  55. 

Sori  in  the  languishing  fronds,  rather  indefinite,  showing  the 
spore  balls  as  very  minute  clustered,  or  scattered  opaque  bodies ; 
spore  balls  situated  in  the  spongy  parenchyma  above  lower  epider¬ 
mis,  consisting  of  a  single  layer  of  fertile  cells  within  which  is  a 
loosely  arranged  network  of  brownish  filaments,  ellipsoidal  to 
spherical,  rather  small,  50-100  y  in  length ;  spores  yellowish, 
originating  from  ends  of  the  filaments,  firmly  compacted,  cubical, 
polyhedral  or  often  more  elongated  radially,  chiefly  10-12  y  in 
length. 

Host:  Spirodela  polyrrhiza ,  Conn.,  Mass,  (type),  R.  I.,  Wise. 

This  fungus  has  been  reported  only  on  the  above  species  of  duck¬ 
weed,  though  the  infected  plants  are  often  associated  with  Lemna 
minor.  It  is  found  in  the  old  fronds  after  they  have  lost  most  of 
their  chlorophyll,  but  it  probably  begins  its  existence  strictly  as  a 
parasite.  The  germination  has  been  reported  by  Setchell.  Litera¬ 
ture  :  160,  161. 


486  PROCEEDINGS  :  BOSTON  SOCIETY  NATURAL  HISTORY. 


List  of  Excluded  Species.1 

Burrillia  globulifera  Davis,  on  Glyceria  fluitans,  =  a  sclerotium 
of  some  fungus. 

Cerebella  sps.,  on  various  grasses,  =  Ilyphomycetes. 

JJoassansia  Sintensii  Bres.,  on  Cedro  matchos.  Probably  insect 
work. 

Boassansia  Zizaniae  Davis,  on  Zizania  aquatica ,  =  a  sclerotium 
of  some  fungus. 

Entyloma  Alsines  Hals.,  on  Stellavia  media.  Ho  spores  found. 

Grapliiola  sps.,  on  species  of  palms.  Systematic  position  unde¬ 
termined. 

Sorosporium  Borrichiae  Ell.  &  Ev.,  on  Borrichia  argentea,  = 
Sterigmatocystis. 

Sporop>liaga  cyanea  (Ces.)  Hark.  (Ustilago  cyanea)  =  Ckytri- 
dineae  ? 

Tilletia  ?  Sphagni-like  fungus,  on  Ricciocarpus  natans.  Nature 
undetermined. 

Ustilaginoidea  Oryzae  (Patt.)  Bref.  =  Ascomyeete. 

Ustilago  Arenariae  Ell.  &  Ev.,  on  Arenaria  congesta ,  =  extrane¬ 
ous  spores. 

Ustilago  Ficuum  Reich.,  on  market  figs,  =  Sterigmatocystis. 

Ustilago  Fischeri  Pass.,  on  Zea  Mays ,  =  Sterigmatocystis. 

Ustilago  flavo-nigrescens  B.  &  C.,  on  Scleria  sp.,  =  sclerotium 
apparently  of  Ustilaginoidea. 

Ustilago  GyneriUs  ize,on  Gynerium  argenteum,=  Gymnosporium. 

Ustilago  Osmundae  Pk.,  on  Osrnunda  regalis ,  =  Hyphomycete  ? 

Ustilago  Phoenicis  Cda.,  on  market  dates,  =  Sterigmatocystis. 

Ustilago  viridis  Ell.tfc  Ev.,  on  Setaria  sp.,  =  sclerotium  apparently 
of  Ustilaginoidea. 


1  See  preliminary  paper  in  Journ.  Myc.,  8  :  129-180.  1902, 
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List  of  Host  Plants. 


MONOCOTYLS. 

Naiadaceae. 

Potamogeton  natans. 

Doassansia  Mart i a n offici n a . 
Doassansia  occulta  var.  Farlowii. 
Potamogeton  Pennsylvanicus. 
Doassansia  occulta. 

Doassansia  occulta  var.  Farlowii. 
Potamogeton  perfoliatus  var. 
lanceolatus. 

Doassansia  occulta  var.  Fdrlowii. 
Potamogeton  pusillus. 

Doassansia  occulta  var.  Farlowii. 
Potamogeton  Vaseyi. 

Doassansia  occulta  var.  Farlowii. 
Potamogeton  sps. 

Doassansia  Martianoffiana. 
Doassansia  occulta. 

Alismaceae. 

Alisma  Plantago. 

Doassansia  Alismatis. 
Echinodorus  rostratus. 

Burrillia  Ecliinodori. 

Sagittaria  arifolia. 

Doassansia  Sagittariae. 
Sagittaria  graminea. 

Doassansia  Sagittariae. 
Sagittaria  heterophylla. 

Doassansia  Sagittariae. 
Sagittaria  variabilis  &  vars. 
Burrillia  pustulata. 

Doassansia  deformans. 
Doassansia  intermedia. 
Doassansia  obscura. 

Doassansia  opaca. 
l)oassansia  Sagittariae. 
Sagittaria  sps. 

Doassansia  deformans. 
Doassansia  Sagittariae. 

Gramineae. 

Aegopogon  cenchroides. 

Ustilago  Aegopogonis. 


Agropyrum  divergens. 

TJrocystis  Agropyri. 

Agropyrum  occidentale. 

Tilletia  Earlei. 

TJrocystis  Agropyri. 

Ustilago  hypodytes. 

Agropyrum  repens. 

Urocystis  Agropyri. 

Ustilago  macrospora. 

Agropyrum  spicatum. 

Ustilago  macrospora. 

Agropyrum  spicatum  var. 
inerme. 

Ustilago  macrospora. 

Agropyrum  sp. 

Ustilago  macrospora. 

Agrostis  alba  var.  vulgaris. 

Ustilago  striaeformis. 
Alopecurus  geniculatus. 

Entyloma  speciosum. 
Ammophila  arundinacea. 

Ustilago  striaeformis. 
Andropogon  argenteus. 

Tolyposporella  Brunkii. 
Andropogon  contortus. 
Sorosporium  contortum. 
Sphacelotheca  Ischaemi. 
Sphacelotheca  monilifera. 
Andropogon  furcatus. 
Sorosporium  provinciate. 
Sphacelotheca  Ischaemi. 
Sphacelotheca  occidentalis. 
Andropogon  Hallii. 

Sp  hacelotheca  occidental  i s . 
Andropogon  Hallii  var.  flave- 
olus. 

Sphacelotheca  occidentalis. 

Andropogon  hirtifolius  var. 
pubiflorus. 

Sphacelotheca  Andropogonis-hirti- 
folii. 

Tolyposporella  Brunkii. 

Andropogon  macrourus. 

Sorosporium  Everliartii. 
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Sphacelotheca  occidentalis. 

Andropogon  perforatus. 

Tolyposporella  Brunkii. 

Andropogon  saccharoides. 

Sphacelotheca  Andropogonis-hirti- 
folii. 

Sphacelotheca  Iscliaemi. 
Tolyposporella  Brunkii . 

Andropogon  saccharoides  var. 
leucopogon. 

Tolyposporella  Brunkii. 

Andropogon  scoparius. 

Sorosporium  Ellisii. 

Sorosporium  Everhartii. 
Sphacelotheca  Ischaemi. 

Andropogon  Torreyanus. 

Sphacelotheca  Ischaemi. 

Andropogon  Virginicus. 

Sorosporium  Ellisii. 

Sorosporium  Everhartii. 
Sphacelotheca  Seymouriana. 

Andropogon  sps. 

Sphacelotheca  Ischaemi. 
Sphacelotheca  Seymouriana. 

Anthoxanthum  odoratum. 

Tilletia  Anthoxanthi. 

Aristida  basiramea. 

Sorosporium  consanguineum. 

Aristida  dichotoma. 

Sorosporium  Ellisii. 

Aristida  longiseta  var.  robusta. 

Sorosporium  consanguineum. 

Aristida  purpurea. 

Sorosporium  consanguineum. 

Aristida  Rusbyi. 

Sorosporium  consanguineum. 

Aristida  Scheideana. 

Sorosporium  consanguineum. 

Aristida  sp. 

Sorosporium  consanguineum. 

Arrhenatherum  avenaceum. 

Ustilago  perennans. 

Avena  fatua. 

Ustilago  Avenae. 

Avena  sativa. 

Ustilago  Avenae. 

Ustilago  levis. 


Bouteloua  aristidoides. 

Ustilago  Hieronymi. 

Bouteloua  breviseta. 

Ustilago  calcara. 

Ustilago  Hieronymi. 

Bouteloua  bromoides. 

Ustilago  Hieronymi. 

Bouteloua  eriopoda. 

Ustilago  Hieronymi. 

Bouteloua  Havardii. 

Ustilago  Hieronymi. 

Bouteloua  hirsuta. 

Ustilago  minor. 

Bouteloua  oligostachya. 

Ustilago  Boutelouae. 

Ustilago  Hieronymi. 

Bouteloua  polystachya. 

Ustilago  Hieronymi  f 

Bouteloua  racemosa. 

Ustilago  Hieronymi. 

Bromus  arvensis. 

Ustilago  bromivora. 

Bromus  breviaristatus  ? 

Ustilago  bromivora. 

Bromus  ciliatus. 

Urocystis  Agropyri. 

Ustilago  bromivora. 

Ustilago  bromivora  var.  macro- 
spora. 

Bromus  Hookerianus. 

Ustilago  bromivora. 

Bromus  hordeaceus. 

Ustilago  bromivora. 

Bromus  hordeaceus  var.  glab- 
rescens. 

Ustilago  bromivora. 

Bromus  Kalmii. 

Ustilago  bromivora. 

Bromus  marginatus. 

ITstilago  bromivora. 

Bromus  Pumpellianus. 

Ustilago  bromivora. 

Bromus  racemosus. 

Ustilago  bromivora. 

Bromus  Richardsonii. 

Ustilago  bromivora. 

Bromus  secalinus. 
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Ustilago  bromivora. 

Bromus  vulgaris. 

Ustilago  bromivora. 

Bromus  vulgaris  var.  eximius. 

Ustilago  bromivora. 

Buchloe  dactyloides. 

Tilletia  buchloeana 
Ustilago  Buchloes. 
Calamagrostis  Canadensis. 
Urocystis  Agropyri. 

Ustilago  Calamagrostidis. 
Calamagrostis  Canadensis  var. 
acuminatus. 

Ustilago  Calamagrostidis. 
Calamagrostis  Fickeringii. 

Ustilago  Calamagrostidis. 
Cathestecum  procumbens. 

Tilletia  Cathesteci. 

Cenchrus  echinatus. 

Sorosporium  Syntherismae. 
Cenchrus  multiflorus. 

Sorosporium  Syntherismae. 
Cenchrus  tribuloides. 

Sorosporium  Syntherismae. 
Cenchrus  sp. 

Sorosporium  Syntherismae. 
Chloris  elegans. 

Ustilago  elegans. 

Chloris  submutica. 

Ustilago  Ulei. 

Chloris  sp. 

Ustilago  chloridicola. 
Chrysopogon  nutans. 

Sphacelotheca  Chrysopogonis. 
Tolyposporella  Chrysopogonis. 
Dactyloctenium  Aegyptiacum. 

Ustilago  sparsa. 

Danthonia  compressa. 

Ustilago  residua. 

Danthonia  intermedia. 

Ustilago  residua. 

Danthonia  spicata. 

Ustilago  residua. 

Danthonia  unispicata. 

Ustilago  residua. 

Danthonia  sp. 

Ustilago  residua. 


Deschampsia  caespitosa. 

Tilletia  cerebrina. 

Deschampsia  calycina. 

Tilletia  Airae. 

Distichlis  maritima. 

Ustilago  hypodytes. 

Elynius  arenarius. 

Urocystis  Agropyri. 

Elymus  Canadensis. 

Urocystis  Agropyri. 

Ustilago  hypodytes. 

Ustilago  striaeformis. 

Elymus  Canadensis  var.  glauci- 
folius. 

Ustilago  striaeformis. 

Elymus  condensatus. 

Ustilago  hypodytes. 

Elymus  glaucus. 

Tilletia  Elymi. 

Ustilago  hypodytes. 

Elymus  robustus. 

Urocystis  Agropyri. 

Elymus  Sitanion. 

Ustilago  hypodytes. 

Elymus  striatus. 

Ustilago  hypodytes. 

Elymus  Virginicus. 

Urocystis  Agropyri. 

Ustilago  striaeformis. 

Elymus  sp. 

Tilletia  Elymi. 

Urocystis  Agropyri. 

Ustilago  macrospora. 

Eragrostis  glomerata. 

Tilletia  sp.  (Miss.). 

Eragrostis  major. 

Ustilago  spermopliora. 

Eragrostis  Neo-Mexicana. 

Sphacelotheca  strang  ulans. 
Eragrostis  reptans. 

Ustilago  spermophora. 

Eriochloa  punctata. 

Sorosporium  Eriochloae. 
Euchlaena  luxurians. 

Ustilago  Zeae. 

Festuca  microstachya. 

Tilletia  fusca. 
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Ustilago  Mulfordiana. 

Festuca  tenella. 

Tilletia  fusca. 

Ustilago  Mulfordiana. 

Festuca  sp. 

Ustilago  Mulfordiana. 

Glyceria  arundinacea. 

Ustilago  longissima. 

Glyceria  fluitans. 

Ustilago  longissima  var.  macro- 
spora. 

Glyceria  grandis. 

Ustilago  Arthurii. 

Ustilago  longissima. 

Glyceria  laxa. 

Ustilago  longissima  var.  macro- 
spora. 

Hackelochloa  granularis. 

Sphacelotheca  sp.  ?  (Ariz.) 
Heteropogon  melanocarpus. 

Sphacelotheca  Nealii. 

Hilaria  cenchroides. 

Ustilago  Aegopogonis. 

Ustilago  affinis. 

Hilaria  Jamesii. 

Ustilago  Hilariae. 

Hilaria  mutica. 

Ustilago  Hilariae. 

Ustilago  sp.?  (N.  Mex.) 

Holcus  lanatus. 

Entyloma  crastophilum. 
Hordeum  jubatum. 

Ustilago  Lorentziana. 

Hordeum  maritimum. 

Ustilago  Lorentziana. 

Hordeum  murinum. 

Ustilago  Lorentziana. 

Hordeum  pratense. 

Tilletia  Texana. 

Ustilago  Lorentziana. 

Hordeum  pusillum. 

Ustilago  Lorentziana. 

Hordeum  sp. 

Ustilago  Lorentziana. 

Hordeum  sps.  cult. 

Ustilago  Hordei. 

Ustilago  nuda. 


Leersia  lenticularis. 

Tilletia  corona. 

Leersia  oryzoides. 

Tilletia  corona. 

Leersia  Virginica. 

Tilletia  corona. 

Leptochloa  mucronata. 

Ustilago  ornata. 

Leptochloa  scabra. 

Ustilago  heterogena. 

Lycurus  phleoides. 

Ustilago  lycuroides. 
Muhlenbergia  glomerata. 

Sphacelotheca  Montaniensis. 
Muhlenbergia  glomerata  var. 
setiformis. 

Sphacelotheca  Montaniensis. 

Muhlenbergia  Pringlei. 

Ustilago  Muhlenbergiae. 

Muhlenbergia  Texana. 

Ustilago  Muhlenbergiae. 
Muhlenbergia  sp. 

Sphacelotheca  Montaniensis. 
Ustilago  Mexicana. 

Oryza  sativa. 

Tilletia  horrida 
Oryzopsis  cuspidata. 

Ustilago  hypodytes. 

Ustilago  minima. 

Panicum  agrostoides. 

Sorosporium  Syntherismae. 
Panicum  capillare. 

Sorosporium  Syntherismae. 
Panicum  Crus-galli. 

Sphacelotheca  diplospora. 
Tolyposporium  bullatum. 

Ustilago  Crus-galli. 

Ustilago  sphaerogena. 

Panicum  filiforme. 

Ustilago  Babenhorstiana. 
Panicum  fimbriatum. 

U stilago  Babenhorstiana. 
Panicum  glabrum. 

Ustilago  Babenhorstiana. 
Panicum  hirticaulum. 

Sorosporium  Syntherismae. 
Panicum  leucophaeum. 
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Ustilago  Panici-leucophaei. 

Panicum  obtusum. 

Tilletia  pulcherrima. 

Panicum  proliferum. 

Entyloma  speciosum. 

Sorosporium  Syntherismae. 
Ustilago  pustulata. 

Panicum  proliferum  var.  acumi¬ 
natum. 

Ustilago  Panici-proliferi. 

Panicum  saccharatum. 

Ustilago  Panici-leucophaei  ? 

Panicum  sanguinale. 

Sphacelotheca  diplospora. 

Tilletia  pulcherrima. 

Ustilago  Rabenhorstiana. 

Panicum  virgatum. 

Tilletia  Maclagani. 

Tilletia  pulcherrima. 

Ustilago  pustulata. 

Panicum  sp. 

Entyloma  speciosum. 

Sorosporium  Syntherismae. 
Ustilago  Rabenhorstiana. 

Pappophorum  Wrightii. 

Ustilago  Hieronymi  ? 

Paspalum  notatum. 

Sphacelotheca  Paspali-notati. 

Paspalum  plicatulum. 

Tilletia  rugispora. 

Paspalum  velutinum. 

Ustilago  Holwayana. 

Paspalum  sp. 

Tilletia  rugispora. 

Phalaris  arundinacea. 

Ustilago  echinata. 

Phleum  pratense. 

Entyloma  crastophilum. 

Ustilago  striaeformis. 

Phragmites  communis. 

Neovossia  Iowensis. 

Poa  annua  ? 

Ustilago  striaeformis. 

Poa  Buckleyana. 

Ustilago  hypodytes. 

Poa  debilis. 

Ustilago  striaeformis. 


Poa  pratensis. 

Entyloma  irregular e. 

Ustilago  striaeformis. 

Puccinellia  airoides. 

Ustilago  hypodytes. 

Redfieldia  flexuosa. 

Tilletia  montana. 

Scolochloa  festucacea. 

Ustilago  Arthurii. 

Secale  cereale. 

Urocystis  occulta. 

Setaria  glauca. 

Ustilago  Panici-glauci. 

Setaria  Italica. 

Ustilago  Crameri. 

Setaria  sp. 

Sphacelotheca  pamparum. 

Sitanion  longifolium. 

Ustilago  hypodytes. 

Sorghum  Halapense. 

Sphacelotheca  Sorghi. 

Sorghum  vulgare  &  vars. 
Sphacelotheca  Reiliana. 
Sphacelotheca  Sorghi. 
Sporobolus  asperifolius. 

Tilletia  asperifolia. 
Sporobolus  cryptandrus. 

Ustilago  hypodytes. 
Sporobolus  gracillimus. 

Tilletia  montana. 

Sporobolus  junceus. 

Ustilago  Sporoboli. 
Sporobolus  neglectus. 

Ustilago  Vilfae. 

Sporobolus  simplex. 

Tilletia  montana. 

Sporobolus  vaginaeflorus. 
Ustilago  Vilfae. 

Stenotaphrum  Americanum. 

Ustilago  aMnis. 

Stipa  comata. 

Sorosporium  granulosum. 
Urocystis  granulosa. 

Ustilago  hypodytes. 

Stipa  coronata. 

Ustilago  hypodytes. 

Stipa  eminens. 
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Ustilago  hypodytes. 

Stipa  eminens  var.  Andersoni. 

Tilletia  Wilcoxiana. 

Stipa  occidentalis. 

Ustilago  hypodytes. 

Stipa  Richardsonii. 

Ustilago  hypodytes. 

Stipa  setigera. 

Ustilago  hypodytes. 

Stipa  spartea. 

Ustilago  minima. 

Ustilago  hypodytes. 

Stipa  Vaseyi. 

Ustilago  hypodytes. 

Stipa  viridula. 

Sorosporium  granulosum. 
Ustilago  hypodytes. 

Tricuspis  seslerioides. 

Ustilago  Tricuspidis. 

Triodia  pulchella. 

Ustilago  Hieronymi. 

Triplasis  Americana. 

Ustilago  Triplasidis. 

Tripsacum  dactyloides. 

Ustilago  Dieteliana. 

Triticum  vulgare. 

Tilletia  foetens. 

Tilletia  Tritici. 

Ustilago  Tritici. 

Uniola  gracilis. 

Ustilago  Uniolae. 

Zea  Mays. 

Ustilago  Zeae. 

Zizania  aquatica. 

Entyloma  lineatum. 

Cyperaceae. 

Carex  adusta. 

Thecaphora  aterrima. 

Carex  arctata. 

Cintractia  Caricis. 

Carex  atrata. 

Schizonella  rnelanogramma. 
Carex  canescens. 

Cintractia  Caricis. 

Carex  crinita. 

Cintractia  Caricis. 


Carex  dioica  ? 

Cintractia  Caricis. 

Carex  Douglasii. 

Cintractia  Caricis. 

Carex  echinata  var.  cepha- 
lantha. 

Cintractia  Caricis. 

Carex  echinata  var.  micro- 
stachys. 

Cintractia  Caricis. 

Carex  elynoides. 

Cintractia  Caricis. 

Carex  exilis. 

Cintractia  Caricis. 

Carex  filifolia. 

Cintractia  Caricis. 

Cintractia  externa. 

Carex  folliculata. 

Cintractia  Caricis. 

Ustilago  olivacea. 

Carex  fusca. 

Cintractia  Caricis. 

Carex  glareosa. 

Cintractia  Caricis. 

Carex  incurva. 

Cintractia  Caricis. 

Carex  lagopina. 

Cintractia  Caricis. 

Carex  lanuginosa. 

Cintractia  subinclusa. 

Carex  laxiflora. 

Schizonella  rnelanogramma. 

Carex  limosa. 

Cintractia  Caricis. 

Carex  livida. 

Cintractia  Caricis. 

Carex  luzulaefolia. 

Cintractia  Caricis. 

Carex  Magellanica. 

Cintractia  Caricis. 

Carex  marcida. 

Cintractia  Caricis. 

Carex  Michauxiana. 

Cintractia  subinclusa. 

Carex  monile 
Cintractia  Caricis. 

Carex  nardina. 
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Cintractia  Caricis. 

Carex  obnupta. 

Cintractia  Caricis. 

Carex  occidentalis. 

Cintractia  Caricis. 

Carex  oligosperma. 

Cintractia  Caricis. 

Cintractia  subinclusa. 

Carex  pedunculata. 

Cintractia  Caricis. 

Carex  Pennsylvanica. 

Cintractia  Caricis. 

Schizonella  melanogramma. 
Thecaphora  aterrima. 

Carex  polystachya. 

Ustilago  olivacea. 

Carex  pseudoscirpoidea. 

Cintractia  Caricis. 

Carex  rigida. 

Cintractia  Caricis. 

Entyloma  caricinum. 

Carex  rupestris. 

Cintractia  Caricis. 

Carex  salina. 

Cintractia  Caricis. 

Carex  scirpoidea. 

Cintractia  Caricis. 

Carex  siccata. 

Cintractia  Caricis. 

Carex  Sitchensis. 

Cintractia  Caricis. 

Carex  stenophylla. 

Cintractia  Caricis. 

Carex  straminiformis. 

Cintractia  Caricis. 

Carex  stricta. 

Cintractia  Caricis. 

Carex  tetanica. 

Cintractia  Caricis. 

Carex  trichocarpa  var.  Deweyi. 

Cintractia  subinclusa. 

Carex  turfosa. 

Cintractia  Caricis. 

Carex  turgescens. 

Ustilago  olivacea. 

Carex  umbellata. 

Cintractia  Caricis. 


Carex  umbellata  var.  vicina. 

Cintractia  Caricis. 

Carex  utriculata. 

Cintractia  Caricis. 

Cintractia  subinclusa. 

Ustilago  olivacea. 

Carex  vaginata. 

Cintractia  Caricis. 

Carex  varia. 

Cintractia  Caricis 
Carex  variabilis. 

Cintractia  Caricis. 

Carex  vulgaris. 

Cintractia  Caricis. 

Carex  vulgaris  var.  hyperborea. 

Cintractia  Caricis. 

Carex  sps.  • 

Cintractia  Caricis. 

Cintractia  subinclusa. 

Schizonella  melanogramma. 
Thecaphora  aterrima. 

Ustilago  olivacea. 

Cyperus  filiculmis. 

Cintractia  Cypcri. 

Cyperus  Grayii. 

Cintractia  axicola  var.  minor. 
Cyperus  sphacelatus. 

Cintractia  axicola  var.  minor. 
Fimbristylis  autumnalis. 

Cintractia  axicola. 

Fimbristylis  Holwayana. 

Cintractia  axicola. 

Fimbristylis  sp. 

Cintractia  axicola. 

Kobresia  caricina. 

Cintractia  Caricis. 

Kobresia  scirpina. 

Cintractia  Caricis. 

Psilocarya  nitens. 

Cintractia  Psilocaryae. 
Psilocarya  scirpoides. 

Cintractia  Psilocaryae. 
Rhynchospora  alba. 

Cintractia  Montagnei. 

Cintractia  Taubertiana. 
Rhynchospora  aurea. 

Cintractia  utriculicola. 
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Rhynchospora  cephalantha. 

Cintractia  Taubertiana. 

Rhynchospora  ciliata. 

Cintractia  Montagnei. 

Rhynchospora  corniculata. 

Cintractia  leucoderma. 

Rhynchospora  cyperoides. 

Cintractia  leucoderma. 

Rhynchospora  eximia. 

Cintractia  Montagnei. 

Rhynchospora  fascicularis. 

Cintractia  Taubertiana. 

Rhynchospora  gigantea. 

Cintractia  leucoderma. 

Rhynchospora  glomerata. 

Cintractia  Montagnei. 

Rhynchospora  inexpansa. 

Cintractia  Taubertiana. 

Rhynchospora  macrostachya. 

Cintractia  leucoderma. 
Testicularia  Cyperi. 

Rhynchospora  semiplumosa. 

Sorosporium  Rhynchosporae. 

Rhynchospora  tenuis. 

Cintractia  Montagnei. 
Rhynchospora  Tracyi. 

Cintractia  leucoderma. 
Rhynchospora  sps. 

Cintractia  leucoderma. 

Cintractia  Montagnei. 

Cintractia  Taubertiana. 
Cintractia  utriculicola. 

Scirpus  caespitosus. 

Cintractia  Caricis. 

Lemnaceae. 

Spirodela  polyrrhiza. 

Tracya  Lemnae. 

Eriocaueaceae. 

Eriocaulon  septangulare. 

Tolyposporium  Eriocauli. 
Ustilago  Eriocauli. 

Bromeliaceae. 

Tillandsia  Leiboldiana. 

Ustilago  Tillandsiae. 


Tillandsia  sp. 

Ustilago  Tillandsiae. 

JUNCACEAE. 

Juncus  acuminatus. 

Cintractia  Junci. 

Juncus  Balticus. 

Urocystis  Junci. 

Juncus  effusus. 

Cintractia  Junci. 

Juncus  tenuis. 

Cintractia  Junci. 

Juncus  sp. 

Cintractia  Junci. 

Luzula  campestris. 

Cintractia  Luzulae. 

Liliaceae. 

Allium  Cepa. 

Urocystis  Cepulae. 

Allium  Nevadense. 

Urocystis  Cepulae. 
Erythronium  Americanum. 

Ustilago  Tulipae. 

Nolina  microcarpa. 

Tolyposporella  ?  Nolinae. 
Polygonatum  giganteum. 

Urocystis  Colchici. 

Scilla  praecox. 

Ustilago  Vaillantii. 
Smilacina  stellata. 

Tuburcinia  Clintoniae. 
Smilacina  sp. 

Tuburcinia  Clintoniae. 
Streptopus  roseus. 
Tuburcinia  Clintoniae. 

Amaryllidaceae. 

Hypoxys  erecta. 

Urocystis  Hypoxyis. 

DICOTYLS. 

POLYGONACEAE. 

Koenigia  Islandica. 

Ustilago.  Koenigiae. 

Oxyria  digyna. 
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Ustilago  vinosci. 

Polygonum  acre. 

Sphacelotheca  Hydropiperis. 
Ustilago  utriculosa. 

Polygonum  amphibium. 

Ustilago  utriculosa. 

Polygonum  aviculare. 

M elanopsichium  Austro-Ameri- 

canum. 

Ustilago  utriculosa. 

olygonum  bistortoides. 

•  Sphacelotheca  Hydropiperis  var. 
borealis. 

Polygonum  Careyi. 

Ustilago  utriculosa. 

Polygonum  cilinode. 

Ustilago  anomala. 

Polygonum  Convolvulus. 

Ustilago  anomala. 

Polygonum  Davisiae. 

Ustilago  Piperii. 

Polygonum  dumetorum  var. 
scandens. 

Ustilago  anomala. 

Polygonum  erectum. 

Ustilago  utriculosa. 

Polygonum  Hydropiper. 

Melanopsichium  Austro- Ameri- 

canum. 

Sphacelotheca  Hydropiperis. 
Ustilago  utriculosa. 

Polygonum  hydropiperoides. 

Ustilago  utriculosa. 

Polygonum  lapathifolium. 

Melanopsichium  Austro- Ameri- 

canum. 

Ustilago  utriculosa. 

Polygonum  lapathifolium  var. 
incarnatum. 

Melanopsichium  Austro-Ameri- 
canum. 

Ustilago  utriculosa. 

Polygonum  Pennsylvanicum. 

Melanopsichium  A  ustro-A  m  eri- 

canum. 

Ustilago  utriculosa. 

Polygonum  Persicaria  ? 


Sphacelotheca  Hydropiperis. 

Polygonum  phytolaccaefolium. 

Ustilago  Piperii. 

Polygonum  sagittatum. 

Sphacelotheca  Hydropiperis. 
Ustilago  utriculosa. 

Polygonum  Virginianum  ? 

Melanopsichium  Austro-Ameri- 
canum. 

Polygonum  viviparum. 

Sphacelotheca  Hydropiperis. 
Ustilago  Bistortarum. 

Ustilago  Bistortarum  var.  inflores- 
centiae. 

Rumex  Acetosella. 

Ustilago  Rumicis. 

Rumex  Britannica. 

Ustilago  Parlatorei. 

Rumex  hastatulus. 

Ustilago  Rumicis. 

Rumex  Mexicanus. 

Ustilago  Parlatorei. 

Chenopodiaceae. 

Spinacia  oleracea. 

Entyloma  Ellisii. 

Amaeantaceae. 

Cladothrix  lanuginosa. 

Thecaphora  Thornberi. 

Nyctaginaceae. 

Boerhaavia  sp. 

Thecaphora  tunicata. 

PORTULACACEAE. 

Calandrinia  Breweri. 

Ustilago  Calandriniae. 

Calandrinia  Menziesii. 

Ustilago  Calandriniae. 

Caryophyllaceae. 

Arenaria  Groenlandica. 

Ustilago  violacea. 

Arenaria  lateriflora  var.  glab- 
rescens. 

Ustilago  violacea. 
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Cerastium  maximum. 

Ustilago  violacea. 

Lychnis  sp. 

Ustilago  violacea. 

Silene  acaulis 

Ustilago  violacea. 

Silene  Douglasii  var.  Macounii. 

Ustilago  violacea. 

Silene  multicaulis. 

Ustilago  violacea. 

Silene  Tetonensis. 

Ustilago  violacea. 

Silene  Watsoni. 

lTstilago  violacea. 

Ustilago  violacea  var.  major. 

Stellaria  borealis. 

Ustilago  violacea. 

Nymphaeaceae. 

Nuphar  advena. 

Entyloma  Nymphaeae. 
Nymphaea  odorata. 

Entyloma  Nymphaeae. 
Nymphaea  reniformis. 

Entyloma  Nymphaeae. 

Ranunculaceae. 

Aconitum  Columbianum. 

Urocystis  sorosporioides. 

Actaea  alba. 

Urocystis  carcinodes. 

Actaea  rubra. 

Urocystis  carcinodes. 

Anemone  Caroliniana. 

Urocystis  Anemones. 

Anemone  decapetala. 

U rocystis  A  nemones. 

Anemone  nemorosa. 

Entyloma  Ranunculi. 

U rocystis  Anemones. 

Anemone  patens  var.  Nuttal- 
liana. 

Urocystis  Anemones. 

Anemone  Pennsylvanica. 

Urocystis  Anemones. 

Anemone  Virginiana. 

Urocystis  A  nemones. 

Anemonella  thalictroides. 


Urocystis  Anemones. 
Aquilegia  caerulea. 

Urocystis  sorosporioides. 
Aquilegia  sp. 

/  Urocystis  sorosporioides. 
Cimicifuga  racemosa. 

Urocystis  carcinodes. 
Delphinium  scopulorum. 

Urocystis  sorosporioides. 
Delphinium  sp. 

Urocystis  sorosporioides. 
Hepatica  acutiloba. 

Urocystis  Anemones. 

Hepatica  triloba. 

Urocystis  Anemones. 
Ranunculus  adoneu3. 

Urocystis  Anemones. 
Ranunculus  fascicularis. 
Entyloma  microsporum. 

Urocystis  Anemones. 
Ranunculus  multifidus. 

Doassansia  ranunculina. 
Ranunculus  Peunsylvanicus. 

Entyloma  Ranunculi. 
Ranunculus  pygmaeus. 
Entyloma  microsporum  var.  pyg 
maeum. 

Ranunculus  septentrionalis. 

Entyloma  microsporum. 

Ranunculus  sp. 

Entyloma  microsporum. 

Urocystis  A  nemones. 

Thalictrum  alpinum. 

Urocystis  sorosporioides. 

Thalictrum  dioicum. 

Entyloma  Thalictri. 

Thalictrum  Fendleri. 

L  rocystis  sorosporioides. 

Thalictrum  polygamum. 

Entyloma  Thalictri. 

Thalictrum  purpurascens. 

Entyloma  Thalictri. 

Urocystis  sorosporioides. 

Thalictrum  sp. 

L  rocystis  sorosporioides. 

Trollius  sp. 

Urocystis  Anemones. 
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Menispermaceae. 

Meniapermum  Canadense. 

Entyloma  Menispermi. 

Papaveraceae. 

Eschscholtzia  Californica. 

Entyloma  Esclischoltziae. 

Papaver  sp. 

Entyloma  fuscum. 

Rosaceae. 

Geum  ciliatum. 

Urocystis  Waldsteiniae. 
Waldsteinia  fragaiioides. 

Urocystis  Waldsteiniae. 

Leguminosae. 

Astragalus  bisulcatus. 

Thecaphora  deformans. 
Astragalus  Drummondii. 

Thecaphora  deformans. 
Astragalus  multiflorus. 

Thecaphora  deformans. 
Astragalus  Nuttallianus. 

Thecaphora  deformans. 
Astragalus  scopulorum. 

Thecaphora  deformans. 
Astragalus  sp. 

Thecaphora  deformans. 
Desmodium  acuminatum. 

Thecaphora  deformans. 
Desmodium  nudiflorum. 

Thecaphora  deformans. 
Hosackia  parviflora. 

Thecaphora  deformans. 
Lotus  humistratus. 

Thecaphora  deformans. 
Lupinus  sp. 

Thecaphora  deformans. 
Trifolium  tridentatum. 

Thecaphora  deformans. 
Vicia  Americana. 
Thecaphora  deformans. 

OXALIDACEAE. 

Oxalis  stricta. 

Ustilcigo  Oxalidis. 


Limnanthaceae. 

Floerkea  proserpinacoides. 

Entyloma  Floerkeae. 

Y ITACEAE. 

Cissus  acida. 

Mykosyrinx  Cissi. 

Cissus  erosa. 

Mykosyrinx  Cissi. 

Cissus  sicyoides. 

Mykosyrinx  Cissi. 

Cissus  sp. 

Mykosyrinx  Cissi. 

VlOLACEAE. 

Viola  odorata. 

Urocystis  Violae. 

Onagraceae. 

Epilobium  alpinum. 

Doassansia  Epilobii. 

Gayophytum  caesium. 

Ustilago  Gayophyti. 

Gayophytum  lasiospermum. 

Ustilago  Gayophyti. 

Gayophytum  ramosissimum. 

Ustilago  Gayophyti. 

Umbellikerae. 

Eryngium  yuccaefolium. 

Entyloma  Eryngii. 

Sanicula  Marylandica. 

Entyloma  Saniculae. 

Sanicula  Menziesii. 

Entyloma  Saniculae. 

Sanicula  sp. 

Entyloma  Saniculae. 

Primulaceae. 

Trientalis  Europaea. 

Tuburcinia  Trientalis. 

Gentianaceae. 

Limnanthemum  lacunosum. 

Burrillia  decipiens. 

Borraginaceae. 

Mertensia  Virginica. 

Entyloma  serotinum. 
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SOLANACEAE. 

Physalis  angulata. 

Entyloma  Physalidis. 

Physalis  heterophylla. 

Entyloma  Physalidis. 

Physalis  lanceolata. 

Entyloma  Physalidis. 

Physalis  lanceolata  var.  laevi¬ 
gata. 

Entyloma  Physalidis. 

Physalis  Philadelphica. 

Entyloma  Physalidis. 

Physalis  pubescens. 

Entyloma  Physalidis. 

Physalis  Virginiana. 

Entyloma  Physalidis. 

Physalis  sp. 

Entyloma  Physalidis. 

Solanum  nigrum. 

Entyloma  Physalidis. 

Solanum  triflorum. 

Entyloma  Physalidis. 

SCROPHULARIACEAE. 

Collinsia  bartsiaefolia. 

Entyloma  Collinsiae. 

Linaria  vulgaris. 

Entyloma  Linariae. 

Veronica  Americana. 

Entyloma  Linariae  var.  Veronicae. 
Veronica  peregrina. 

Entyloma  Linariae  var.  Veronicae. 

Campanulaceae. 

Lobelia  inflata. 

Entyloma  Lobeliae. 

Lobelia  sp. 

Entyloma  Lobeliae. 

Compositae. 

Ambrosia  artemisiaefolia. 

Entyloma  compositarum. 
Entyloma  polysporum. 

Ambrosia  bidentata. 

Entyloma  polysporum. 

Ambrosia  psilostachya. 

Entyloma  compositarum. 


Ambrosia  trifida. 

Entyloma  compositarum. 
Entyloma  polysporum. 

Arnica  Chamissonis. 

Entyloma  arnicalis. 

Arnica  cordifolia. 

Entyloma  arnicalis. 

Arnica  latifolia. 

Entyloma  arnicalis. 

Aster  cordifolius. 

Entyloma  compositarum. 

Aster  Novi-Belgii. 

Entyloma  compositarum. 

Aster  paniculatus. 

Entyloma  compositarum. 

Aster  puniceus. 

Entyloma  compositarum. 

Aster  sp. 

Entyloma  compositarum. 

Bidens  chrysanthemoides. 

Entyloma  compositarum. 

Bidens  frondosa. 

Entyloma  guaraniticum  ? 

Bidens  leucantha. 

Entyloma  guaraniticum. 

Bigelovia  veneta. 

Thecaphora  pilulaeformis. 

Bigelovia  sp. 

Thecaphora  pilulaeformis. 

Cnicus  ochrocentrus. 

Thecaphora  Trailii. 

Cosmus  sulphureus. 

Entyloma  polysporum. 

Erigeron  elatus. 

Entyloma  compositarum. 

Erigeron  Philadelphicus. 

Entyloma  compositarum. 

Eupatorium  ageratoides. 

Entyloma  compositarum  ? 

Gaillardia  pulchella. 

Entyloma  polysporum. 

Gnaphalium  sp. 

Entyloma  compositarum. 

Grindelia  robusta. 

Thecaphora  Californica. 

Grindelia  squarrosa. 

Thecaphora  cuneata. 
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Guardiola  platyphylla. 

Thecaphora  Mexicana. 

Helenium  autumnale. 

Entyloma  compositarum. 

Helianthus  annuus. 

Entyloma  polysporum. 

Heterotheca  Lamarckii. 

Entyloma  compositarum. 

Lactuca  Canadensis. 

Entyloma  compositarum. 

Lepacliys  pinnata. 


Entyloma  compositarum. 

Rudbeckia  laciniata. 

Entyloma  compositarum. 

Senecio  aureus. 

Entyloma  compositarum. 

Senecio  aureus  var.  Balsamitae. 

Entyloma  compositarum. 

Silphium  integrifolium. 

Entyloma  compositarum. 

Solidago  Missouriensis. 

Tliecapliora  cuneata. 
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Burrillia  decipiens  (Wint.)  Clint. 
Burrillia  Echinodori  Clint.  .  . 

Burrillia  pustulata  Setch.  .  .  . 

Cintractia  axicola  (Berk.)  Cornu 
Cintractia  axicola  var.  minor  Clint 
Cintractia  Caricis  (Pers.)  Magn. 
Cintractia  Cyperi  Clint.  .  .  . 

Cintractia  externa  (Griff.)  Clint. 
Cintractia  Junci  (Schw.)  Trel.  . 
Cintractia  leucoderma  (Berk.)  P 

Henn . 

Cintractia  liinitata  Clint.  .  .  . 

Cintractia  Luzulae  (Sacc.)  Clint. 
Cintractia  Montagnei  (Tul.)  Magn 
Cintractia  Psilocaryae  (Tr.  &  Earle) 

Clint . 

Cintractia  subinclusa  (Korn.)  Magn 
Cintractia  Taubertiana  (P.  Henn.' 

Clint . 

Cintractia  utriculicola  (P.  Henn.) 
Clint.  . . . 

Doassansia  Alismatis  (Nees)  Cornu 
Doassansia  deformans  Setch.  .  .  . 

Doassansia  Epilobii  Farl . 

Doassansia  intermedia  Setch. .  .  . 

Doassansia  Martianoffiana  (Thiim.) 

Schrot . 

Doassansia  obscura  Setch . 

Doassansia  occulta  (Hoffm.)  Cornu 
Doassansia  occulta  var.  Farlowii 

(Cornu)  Setch . 

Doassansia  opaca  Setch . 

Doassansia  ranunculina  Davis  .  . 

Doassansia  Sagittariae  (West.)  Fisch 

Entyloma  arnicalis  Ell.  &  Ev.  .  . 

Entyloma  caricinum  Rostr.  .  .  . 

Entyloma  Collinsiae  Hark.  .  .  . 

Entyloma  compositarum  Farl.  .  . 

Entyloma  crastophilum  Sacc. 

Entyloma  Ellisii  Hals . 

Entyloma  Eryngii  (Cda.)  DeBy.  .  . 

Entyloma  Eschscholtziae  Hark.  .  . 

Entyloma  Floerkeae  Holw.  .  .  . 

Entyloma  fuscum  Schrot . 

Entyloma  guaraniticum  Speg.  .  . 

Entyloma  irregulare  Johans.  .  .  . 

Entyloma  Linariae  Schrot.  .  .  . 

Entyloma  Linariae  var.  Veronicae 

Wint . 

Entyloma  lineatum  (Cke.)  Davis 
Entyloma  Lobeliae  Farl . 
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Entyloma  Menispermi  Farl.  &  Trel. 
Entyloma  microsporum  (Ung.) 

Schrot . 

Entyloma  microsporum  var.  pyg- 

maeum  Allesch . 

Entyloma Nymphaeae  (Cnnn.)  Setcli. 
Entyloma  Physalidis  (Ivalchb.  & 

Cke.)  Wint . 

Entyloma  polysporum  (Pk.)  Farl.  . 
Entyloma  Ranunculi  (Eon.)  Schrot. 

Entyloma  Saniculae  Pk . 

Entyloma  serotinum  Schrot.  .  .  . 

Entyloma  speciosum  Schrot.  &  P. 

Henn . 

Entyloma  Thalictri  Schrot.  .  .  . 

Melanopsichium  Austro- America- 
num  (Speg.)  Beck . 

Mykosyrinx  Cissi  (DC.)  Beck.  .  . 

Neovossia  Iowensis  Hume  &  Hods. 

Schizonella  melanogramma  (DC.) 
Schrot . 

Sorosporium  consanguineum  Ell.  & 

Ev . . 

Sorosporium  contortuin  Griff.  •  .  . 

Sorosporium  Ellisii  Wint . 

Sorosporium  Eriocliloae  Griff.  .  . 

Sorosporium  Everliartii  Ell.  &  Gall. 
Sorosporium  granulosum  Ell.  &  Tr. 
Sorosporium  provinciale  (Pill.  & 

Gall.)  Clint . 

Sorosporium  Rhynchosporae  Henn. 
Sorosporium  Syntherismae  (Pk.) 
P'arl . 

Sphacelotheca  Andropogonis-hirti- 

folii  (P.  Henn.)  Clint . 

Sphacelotheca  Chrysopogonis  Clint. 
Sphacelotheca  diplospora  (Ell.  &  Ev.) 

Clint . .  .  . 

Sphacelotheca  Hydropiperis  (Schu.) 

DeBy . 

Sphacelotheca  Hydropiperis  var. 

borealis  Clint . 

Sphacelotheca  Ischaemi  (Fckl.) 

Clint . 

Sphacelotheca  monilifera  (Ell.  & 

Ev.)  Clint . 

Sphacelotheca  Montaniensis  (Ell. 

&  Holw.)  Clint . 

Sphacelotheca  Nealii  (Ell.  &  And.) 

Clint . 

Sphacelotheca  occidentalis  (Seym.) 
Clint . 
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pamparum  (Speg.) 


Sphacelotheca 
Clint.  .  . 

Sphacelotheca  Paspali-notati  (P 

Henn.)  Clint . 

Sphacelotheca  Reiliana  (Kuhn 

Clint . 

Sphacelotheca  Seymouriana  Clint 
Sphacelotheca  Sorghi  (Lk.)  Clint. 
Sphacelotheca  strangulans  (Issat. 
Clint . 


Testicularia  Cyperi  Klotz. 


Thecapliora 

Thecaphora 

Clint. 

Thecaphora 

Thecaphora 

Mont. 


aterrima  Tul. 
Californica 


(Hark. 


cuneata  (Schof.)  Clint 
deformans  Dur. 


Thecaphora 

Thecaphora 

Thecaphora 

Thecaphora 

Thecaphora 


Mexicana  Ell.  &  Ev. 
pilulaeformis  B.  &  C. 
Thornberi  Griff.  . 
Trailii  Cke.  .  . 
tunicata  Clint. 


nt 


Tilletia  Airae  Blytt  .... 
Tilletia  Anthoxanthi  Blytt 
Tilletia  asperifolia  Ell.  &  Ev.  . 
Tilletia  buchloeana  Kell.  &  Sw. 
Tilletia  Cathesteci  (P.  Henn.)  Cl 
Tilletia  cerebrina  Ell.  &  Ev. 
Tilletia  corona  Scrib.  .  . 

Tilletia  Earlei  Griff.  .  .  . 

Tilletia  Elymi  Diet.  &  Holw. 
Tilletia  foetens  (B.  &  C.)  Trel 
Tilletia  fusca  Ell.  &  Ev. 

Tilletia  horrida  Tak.  .  . 

Tilletia  Maclagani  (Berk.)  Clint. 
Tilletia  inontana  Ell.  &  Ev.  . 
Tilletia  pulcherrima  Ell.  &  Gall 
Tilletia  rugispora  Ell.  &  Gall. 
Tilletia  Texana  Long.  .  .  . 

Tilletia  Tritici  (Bjerk.)  Wint. 
Tilletia  Wilcoxiana  Griff.  .  . 


Tolyposporella  Brunkii  (Ell.  & 

Gall.)  Clint . 

Tolyposporella  Chrysopogonis  Atks. 
Tolyposporella  ?  Nolinae  Clint.  .  . 

Tolyposporium  bullatum  (Schrot.) 

Sclirot . 

Tolyposporium  Eriocauli  Clint.  .  . 

Tracya  Lemnae  (Setch  )  Syd.  .  .  . 

Tuburcinia  Clintoniae  Kom.  .  .  . 
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Tuburcinia  Trientalis  B.  &  Br.  .  . 

Urocystis  Agropyri  (Preuss)  Schrot. 
Urocystis  Anemones  (Pers.)  Wint.  . 
Urocystis  carcinodes  (B.  &  C.)  Fisch. 

de  Waldh . 

Urocystis  Cepulae  Frost . 

Urocystis  Colchici  (Sclil.)  Rab.  .  . 

Urocystis  granulosa  Clint . 

Urocystis  Hypoxyis  Thaxt.  .  .  . 

Urocystis  Junci  Lagh . 

Urocystis  occulta  (Wallr.)  Rab.  .  . 

Urocystis  sorosporioides  Korn.  .  . 

Urocystis  Yiolae  (Sow.)  Fisch.  de 

Waldh . 

Urocystis  Waldsteiniae  Pk.  .  .  . 

Ustilago  Aegopogonis  P.  Henn.  .  . 

Ustilago  affinis  Ell.  &  Ev . 

Ustilago  anomala  Kze . 

Ustilago  Arthurii  Hume  .  .  .  . 

Ustilago  A  venae  (Pers.)  Jens.  .  . 

Ustilago  Bistortarum  (DC.)  Korn.  . 
Ustilago  Boutelouae  Kell.  &  Sw. 
Ustilago  bromivora  (Tul.)  Fisch.  de 

Waldh . 

Ustilago  bromivora  var.  macrospora 

Fail . 

Ustilago  Buchloes  Ell.  &  Tr.  .  .  . 

Ustilago  Calamagrostidis  (Fckl.) 

Clint . 

Ustilago  Calandriniae  Clint.  .  .  . 

Ustilago  calcara  Griff . 

Ustilago  chloridicola  P.  Henn.  .  . 

Ustilago  Crameri  Korn . 

Ustilago  Crus-gall i  Tr.  &  Earle  .  . 

Ustilago  Dieteliana  P.  Henn.  .  .  . 

Ustilago  echinata  Schrot . 

Ustilago  elegans  Griff . 

Ustilago  Eriocauli  (Mass.)  Clint. 

Ustilago  Gayopliyti  Hark . 

Ustilago  heterogena  P.  Henn.  .  . 

Ustilago  Hieronymi  Schrot.  .  .  . 

Ustilago  Hilariae  Ell.  &  Tr.  .  .  . 

Ustilago  Holwayana  P.  Henn.  .  . 

Ustilago  Hordei  (Pers.)  Kell.  &  Sw. 
Ustilago  hypodytes  (Schl.)  Fr.  .  . 

Ustilago  Koenigiae  Rostr . 

Ustilago  levis  (Kell.  &  Sw.)  Magn. 
Ustilago  longissima  (Sow.)  Tul.  .  . 

Ustilago  longissima  var.  macrospora 

Davis . 

Ustilago  Lorentziana  Tlitim.  .  .  . 

Ustilago  lycuroides  Griff . 

Ustilago  macrospora  Desm.  .  .  . 

Ustilago  Mexicana  Ell.  &  Ev.  .  . 

Ustilago  minima  Arth . 

Ustilago  minor  Nort . 
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Ustilago  Mtihlenbergiae  P.  Henn.  . 
Ustilago  Mulfordiana  Ell.  &  Ev. 
Ustilago  nuda  (Jens.)  Kell.  &  Sw.  . 
Ustilago  olivacea  (DC.)  Tul.  .  .  . 

Ustilago  ornata  Tr.  &  Earle  .  .  . 

Ustilago  Oxalidis  Ell.  &  Tr.  .  .  . 

Ustilago  Panici-glanci  (Wallr.) 

Wint.  . . 

Ustilago  Panici-leucophaei  Bref.  . 
Ustilago  Panici-proliferi  P.  Henn.  . 
Ustilago  Parlatorei  Fisch.  de  Waldh. 

Ustilago  perennans  Rostr . 

Ustilago  Piper ii  Clint . 

Ustilago  pustulata  Tr.  &  Earle  .  . 

Ustilago  Rabenhorstiana  Kiihn 

Ustilago  residua  Clint . 

Ustilago  Rumicis  (Berk.)  Clint.  .  . 

Ustilago  sparsa  Undervv . 

Ustilago  spermophora  B.  &  C.  .  . 

Ustilago  sphaerogena  Burr.  .  .  . 

Ustilago  Sporoboli  Tr.  &  Earle  .  . 

Ustilago  striaeformis  (West.)  Niessl. 
Ustilago  Tillandsiae  Patters.  .  .  . 

Ustilago  Tricuspidis  Ell.  &  Gall.  . 
Ustilago  Triplasidis  Ell.  &  Ev.  .  . 

Ustilago  Tritici  (Pers.)  Jens.  .  .  . 

Ustilago  Tulipae  (Heull.)  Wint.  .  . 

Ustilago  Ulei  P.  Henn . 

Ustilago  Uniolae  Ell.  &  Ev.  .  .  . 

Ustilago  utriculosa  (Nees)  Tul.  .  . 

Ustilago  Vaillantii  Tul . 

Ustilago  Yilfae  Wint . 

Ustilago  vinosa  (Berk.)  Tul.  .  .  . 

Ustilago  violacea  (Pers.)  Fckl.  .  . 

Ustilago  violacea  var.  major  Clint. 
Ustilago  Zeae  (Beckm.)  Ung.  .  . 
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Literature. 

It  is  aimed  to  include  in  tlie  following  references  the  more  important  arti¬ 
cles  relating  to  the  Ustilagineae.  There  also  have  been  added  such  minor  arti¬ 
cles  as  relate  to  the  distribution  of  the  species  or  especially  to  the  treatment  of 
North  American  species,  though  the  list  does  not  claim  completeness  in  these 
respects.  Many  additional  references  are  to  be  found  in  connection  with  the 
synonymy  of  the  different  species. 

1.  Anderson,  A.  P.  Rice  Blast  and  a  New  Smut  on  the  Rice  Plant.  Bull. 

S.  Car.  Agr.  Exp.  Sta.,  41  :  7-14.  1899. 

(Gives  general  account  of  Tilletia  horrida  which  is  a  fungous  pest  of 
rice  in  that  State.) 

2.  Anderson,  A.  P.  A  New  Tilletia  Parasitic  on  Oryza  sativa  L.  Bot. 

Gaz.,  27:  467-472.  1899.  Illustr. 

(Has  a  general  account  of  a  smut  found  in  S.  Car.  in  ovaries  of  rice,; 
calls  it  T.  corona  Scrib.,  and  thinks  it  may  be  same  as  T.  horrida  Tak.) 

3.  Anderson,  A.  P.  Tilletia  horrida  Tak.,  on  Rice  Plant  in  South  Caro¬ 
lina.  Bull.  Torr.  Bot.  Club,  29  :  35-36.  1902. 

•  (Notes  that  this  rice  smut  is  T.  horrida  and  not  T.  corona  as  first 
reported.) 

4.  Arthur,  J.  C.  Memorandum  of  Iowa  Ustilagineae.  Bull.  Ia.  Agr.  Coll., 

1884:  172-174.  1884. 

(Gives  a  list  of  25  species  and  their  hosts  ;  two  are  described  as  new  — 
Ustilago  minima  and  U.  rotundata.) 

5.  Arthur,  J.  C.  Smut  of  Wheat  and  Oats.  Bull.  Ind.  Agr.  Exp.  Sta.,  28 : 

3-23.  1889. 

(Deals  chiefly  with  Tilletia  foetens,  which  in  some  fields  caused  a  loss  of 
50  per  cent  of  the  grain ;  also  treats  of  the  loose  smuts.) 

6.  Arthur,  J.  C.  Treatment  of  Smut  in  Wheat.  Bull.  Ind.  Agr.  Exp.  Sta., 
32  :  3-9.  1890. 

(Gives  results  of  hot  water  treatment  of  wheat  seed  to  determine  time  of 
immersion  and  temperature.) 

7.  Arthur,  J.  C.  Loose  Smut  of  Oats.  Bull.  Ind.  Agr.  Exp.  Sta.,  35  :  81- 
107.  1891. 

(Deals  largely  with  effect  of  hot  water  on  germination  of  the  treated 
seed;  gives  results  of  prevention  of  smut  by  this  treatment.) 

8.  Arthur,  J.  C.  Grain  Smut  and  the  Use  of  Hot  Water  to  Prevent  it. 

Agr.  Sci.,  6:  393-397.  1892. 

(Gives  results  of  germination  of  oats  and  wheat  treated  with  hot  water 
at  different  temperatures  and  lengths  of  immersion;  gives  a  table  of 
temperatures  and  time  of  immersion  for  use.) 

9.  Arthur,  J.  C.  Formalin  and  Hot  Water  as  Preventives  of  Loose  Smut  of 

Wheat.  Ann.  Rep.  Ind.  Agr.  Exp.  Sta.,  13  :  17-24.  1901. 

(Found  that  these  fungicides  did  not  materially  lessen  the  amount  of 
loose  smut  of  wheat,  though  part  of  the  seed  was  killed  by  the  treat¬ 
ment.) 
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10.  Arthur,  J.  C.,  and  Stuart,  W.  Corn  Smut.  Ann.  Rep.  Ind.  Agr.  Exp. 

Sta.,  12  :  84-135.  1900.  Illustr. 

(Give  extended  report  of  investigations  of  this  smut  from  various  points 
of  view,  including  life  history,  prevention,  literature,  etc.) 

11.  Atkinson,  G.  F.  Tolyposporella  chrysopogonis  Atk.  n.  sp.  Bull.  Corn. 

Uni.,  31:  16.  1897. 

(Describes  this  new  genus,  having  the  one  species  found  in  Ala.  ;  gives 
germination. ) 

12.  Beck,  G.  v.  Scliedae  ad  “Kryptogamas  exsiccatas.”  Ann.  K.  K.  Natur. 

Hofm.,  Wien,  9  :  120-124.  1894.  Illustr. 

(Gives  notes  on  six  smuts  of  which  Ustilago  bosniaca  is  described  as  new 
and  U.  Austro-Americana  is  made  the  basis  of  a  new  genus,  Melanopsi- 
chium,  as  is  also  Schroeteria  Cissi  for  Mykosyrinx.) 

13.  Berkeley,  M.  J.,  and  Broome,  C.  E.  Notices  of  British  Fungi.  Ann. 

Mag.  Nat.  Hist.,  ii,  5  :  463-464.  1850. 

(Describe  three  new  species  of  smuts  and  list  several  others,  with  syno¬ 
nyms,  from  Great  Britain.) 

14.  Bessey,  C.  E.  The  Wheat  Smuts.  The  Smut  of  Indian  Corn.  Bull.  Ia. 

Agr.  Coll.,  1884  :  118-129.  1884.  Illustr. 

(Gives  a  popular  account  of  these  smuts.) 

15.  Blytt,  A.  Bidrag  til  Ivundskaben  om  Norges  Soparter.  Forh.  Vid.- 

Selsk.  Christ.,  no.  5,  1882  :  3-6.  1883. 

(Lists  21  species  of  smuts,  with  their  hosts,  from  Norway.) 

16.  Blytt,  A.  Bidrag  til  Kundskaben  om  Norges  Soparter.  Forh.  Vid.- 

Selsk.  Christ.,  no.  6,  1896  :  26-35.  1896. 

(Lists  62  species  of  smuts,  with  their  hosts,  from  Norway,  of  which  the 
following  are  described  as  new :  Tilletia  Airae,  T.  Anthoxanthi ,  Entyloma 
Plantaginis ,  Schizonella  melanogramma  var.  Elymae.) 

17.  Bolley,  H.  L.  Grain  Smuts.  Bull.  N.  Dak.  Agr.  Exp.  Sta.,  1 :  9-28. 
1891. 

(Gives  a  general  account  of  the  life  histories  of  the  loose  smuts  of  oats 
and  wheat  and  the  stinking  smut  of  wheat,  together  with  preventive 
treatments.) 

18.  Bolley,  H.  L.  New  Studies  upon  the  Smut  of  Wheat,  Oats,  and  Barley, 

with  a  Resum 5  of  Treatment  Experiments  for  the  last  three  Years.  Bull. 
N.  Dak.  Agr.  Exp.  Sta.,  27  :  109-162.  1897.  Illustr. 

(Deals  chiefly  with  Tilletia  levis  and  less  prominently  with  the  loose 
smuts;  gives  results  of  a  large  number  of  experiments  for  prevention  of 
smuts.) 

19.  Bolley,  H.  L.  The  Prevention  of  the  Smuts  of  the  Cereal  Grains. 

Bull.  N.  Dak.  Agr.  Exp.  Sta.,  37  :  363-379.  1899. 

(Gives  different  treatments  for  prevention  of  smuts  of  wheat,  oats,  and 
barley;  gives  results  of  treatments  made  by  himself  and  by  a  large 
number  of  farmers.) 

20.  Brefeld,  O.  Die  Brandpilze,  I.  Unters.  Gesammt.  Myk.,  5  :  1-220.  1883. 
Illustr. 

(Includes  an  article  on  the  artificial  culture  of  parasitic  fungi;  a  general 
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review  of  the  literature  of  smuts  ;  descriptions  of  the  germinations  of 
26  species  ;  the  systematic  position  of  smuts  ;  the  morphological  value 
of  yeasts.) 

21.  Brefeld,  O.  Die  Clilamydosporen  bei  den  Ustilagineen.  Unters.  Ge- 

sammt.  Myk.,  7  :  224-229.  1889. 

(Shows  that  the  smut  spores  are  clilamydospores  similar  to  those  of  the 
Basidiomycetes  —  Nyctalis,  etc.) 

22.  Brefeld,  O.  Die  Brandpilze,  II.  Die  Brandkrankheiten  des  Getreides. 

Unters.  Gesammt.  Myk.,  11 :  1-98.  1895.  Illustr. 

(Gives  a  general  statement  of  the  methods  of  previous  investigators 
with  infection  experiments  and  those  employed  by  himself ;  treats  fully 
of  infection  experiments  with  the  loose  smuts  of  oats  and  barley  and 
with  Ustilago  cruenta  on  Sorghum  saccharatum  and  Ustilago  Maydis  on 
Zea  Mays.) 

23.  Brefeld,  O.  Hemibasidii.  [Brandpilze,  III.]  Unters.  Gesammt.  Myk., 

12  :  99-236.  1895.  Illustr. 

(Discusses  64  species,  giving  germination  of  many  of  these;  describes 
18  new  species  and  2  new  genera,  Anthracoidea  and  Ustilaginoidea.) 

24.  Bubak,  F.  Ein  Beitrag  zur  Kenntniss  der  bohmischen  Peronosporeen, 

Ustilagineen  und  Uredineen.  Verh.  Zool.-Bot.  Ges.,  Wien,  47  :  226.  1897. 

(Lists  13  species,  with  their  hosts  and  localities  of  collection,  from  Bo¬ 
hemia.) 

25.  Burrill,  T.  J.  The  Ustilagineae,  or  Smuts ;  with  a  List  of  Illinois 
Species.  Proc.  Amer.  Soc.  Micr.,  1888  :  1-13.  1888. 

(Gives  a  general  account  of  this  group  together  with  descriptions  of 
the  genera  and  a  list  of  21  species  and  their  hosts  found  in  Illinois.) 

26.  Clinton,  G.  P.  Broom-Corn  Smut.  Bull.  Ill.  Agr.  Exp.  Sta.,  47  :  373- 

412.  1897.  Illustr. 

(Discusses  life  history  of  Ustilago  Sorghi ,  especially  with  reference  to 
spore  formation  ;  re-names  it  Cintractia  Sorghi-vulgaris  ;  gives  experi¬ 
ments  relating  to  prevention  by  seed  treatment.) 

27.  Clinton,  G.  P.  The  Smuts  of  Illinois’  Agricultural  Plants.  Bull.  Ill. 

Agr.  Exp.  Sta.,  57  :  28^-360.  1900.  Illustr. 

(Gives  notes  on  and  the  results  of  experiments  with  the  following 
smuts :  Ustilago  Avenae,  U.  levis,  U.  perennans ,  U.  Hordei,  U.  nuda , 
U.  Tritici,  U.  Zeae,  U.  Crameri ,  U.  striaeformis,  Tilletia  foetens,  Cin¬ 
tractia  Sorghi-vulgaris ,  C.  Reiliana —  placed  under  Cintractia  here.) 

28.  Clinton,  G.  P.  Two  New  Smuts  on  Eriocaulon  septangulare.  Rhodora, 

3:  79-82.  1901.  Illustr. 

(Describes  as  new  Tolyposporium  Eriocauli  and  Ustilago  Eriocauli ,  • 
giving  germination  of  each.) 

29.  Clinton,  G.  P.  North  American  Ustilagineae.  Journ.  Myc.,  8  :  128- 
156.  1902. 

(Gives  a  list  of  species,  hosts,  and  their  reported  distribution  in  North 
America ;  also  reports  a  number  of  synonyms,  excluded  species,  and 
describes  several  new  species  ;  forms  the  preliminary  report  of  the 
present  paper.) 


508  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


30.  Close,  C.  P.  Results  with  Oat  Smuts  in  1897.  Bull.  N.  Y.  Agr.  Exp.  Sta., 

131  :  441-454.  1897. 

(Gives  results  of  experiments  for  prevention  of  oat  smut ;  prevented 
smut  by  sprinkling  with  1  %  lysol  or  formalin.) 

31.  Cobb,  N.  A.  Effect  of  Engine-boiler  Steam  on  the  Vitality  of  Seeds 

and  Spores.  Agr.  Gaz.  N.  S.  W.,  14  :  26-29.  1903. 

(Thinks  it  feasible,  from  result  of  experiments,  to  kill  bunt  spores  in 
threshing  machines  by  means  of  steam.) 

32.  Cocconi,  G.  Contribuzione  alia  Biologia  dell’  Ustilago  Ornithogali. 

Mem.  Acad.  Sci.  Bologna,  iv,  10:  171-180.  1889.  Illustr. 

(Gives  a  botanical  account  of  this  smut  on  Gazea  including  germination 
of  spores  in  water  and  nutrient  solution.) 

33.  Cocconi,  G.  Sullo  Sviluppo  della  Thecaphora  aterrima  Tul.  e  dell’ZTro- 

cystis  primulicola  Magn.  Mem.  Acad.  Sci.  Bologna,  iv,  10:  703-714.  1890. 

Illustr. 

(Gives  notes  on  these  two  fungi  including  their  germination  in  water 
and  nutrient  solution.) 

34.  Cocconi,  G.  Contributo  alia  Biologia  del  Genere  Ustilago  Pers.  Mem. 
Acad.  Sci.  Bologna,  v,  3:  527-537.  1893.  Illustr. 

(Has  notes  on  a  number  of  smuts  but  deals  chiefly  with  spore  production 
and  germination  of  Ustilago  Caricis.) 

35.  Cooke,  M.  C.  Onion  Smut.  Gard.  Cliron.,  1877  :  441,634-635.  1877. 

(Thinks  American  onion  smut,  Urocystis  Cepulae ,  is  the  same  as  Uro¬ 
cystis  Colchici  of  Europe  ;  but  in  the  later  note  makes  it  a  variety  of 
this.) 

36.  Cooke,  M.  C.  Testicularia.  Grev.,  11  :  95.  1883. 

(Calls  attention  to  the  fact  that  Peck’s  Milleria  is  the  same  as  Klotsch’s 
Testicularia,  having  compared  specimens  of  each.) 

37.  Cornu,  M.  Maladies  nouvelles  pour  l’Europe.  Bull.  Soc.  Bot.  Er.,  26  : 

263-267.  1879.  Ibid.,  27 :  39-42.  1880. 

(Gives  a  general  account  of  Urocystis  Cepulae  and  notes  its  introduction 
into  France.) 

38.  Cornu,  M.  Sur  quelques  Ustilaginees  nouvelles  ou  peu  connues.  Ann. 

Sci.  Nat.,  Bot.,  vi,  15  :  269-296.  1883.  Illustr. 

(Treats  of  structure  and  spore  formation  of  Testicularia  Cyperi ,  T. 
Leersiae  Cornu  n.  sp.,  Cintractia  axicola  (B.  &  C.)  Cornu  n.  gen.,  Doas- 
sansia  Alismatis  (Fr.)  Cornu  n.  gen.,  D.  Farlowii  Cornu  n.  sp.,  and 
Geminella  exotica. 

39.  Cornu,  M.  Contributions  a  P Etude  des  Ustilaginees.  Bull.  Soc.  Bot.  Fr  , 
30:  130-134.  1883. 

(Gives  brief  notes  on  Testicularia  Cyperi,  Ustilago  Leersiae ,  Entyloma 
Eryngii,  E.fuscum,  E.  serotinum ,  Ustilago  f  Cissi ;  makes  Doassansia  a 
new  genus  containing  U.  Alismatis  and  I).  Farlowii ,  also  Cintractia  an¬ 
other  containing  C.  axicola.) 

40.  Cunningham,  D.  D  On  a  New  Genus  of  the  Family  Ustilagineae.  Sci. 
Mem.  Med.  Off.  Army  India,  3 :  27-32.  1887.  Illustr. 

(Describes  Rhamphospora  as  a  new  genus  and  gives  detailed  informa- 
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tion  concerning  the  spore  formation  and  the  germination  of  the  single 
species,  R.  Nymphaea.) 

41.  Dangeard,  P.  A.  Reclierches  histologiques  sur  la  Famille  des  Ustilagi- 

n6es.  Le  Botaniste,  3  :  240-281.  1892.  Illustr. 

(Describes  production  and  germination  of  the  spores,  paying  especial 
attention  to  their  cytology,  of  the  following  species :  Ustilago  Trago- 
pogi,  U.  Carbo,  U.  violacea,  Doassansia  Alismatis ,  Entyloma  Glaucii, 
Urocystis  Violae,  Tilletia  Caries.) 

42.  Dangeard,  P.  A.  La  Reproduction  sexuelle  de  VEntyloma  glaucii 

(Dang.).  Le  Botaniste,  4 :  12-17.  1894-95. 

(States  that  swollen  cells  are  cut  off  in  filaments  by  septa ;  each  cell 
contains  two  nuclei  which  fuse  and  the  spore  (oospore)  becomes  sur¬ 
rounded  by  thick  cell  wall.) 

43.  Davis,  J.  J.  Wisconsin  Parasitic  Fungi.  Trans.  Wise.  Acad.  Sci.,  Arts, 

Lett.,  9:  162,183.  1893.  Ibid.,  11:  167,  170,  174-177.  1897.  Ibid.,  14: 

89,  91-93, 103-104.  1903. 

(Lists  a  number  of  smuts,  with  their  hosts,  from  this  State;  describes 
one  species,  one  variety,  and  one  form  as  new ;  discusses  Entyloma 
Castaliae,  considering  it  distinct  from  E.  Nympliaeae ;  has  notes  on 
some  of  the  species.) 

44.  De  Bary,  A.  Die  Brandpilze,  1-144.  1853.  Illustr. 

(Deals  chiefly  with  the  rusts  but  discusses  the  literature  and  system¬ 
atic  position  of  the  smuts;  has  a  chapter  on  the  smuts  of  the  grains, 
etc.,  and  makes  a  special  study  of  spore  formation,  etc.,  of  Ustilago 
Maydis,  U.  longissima,  U.  hypodytes,  and  U.  anther  arum  —  on  Silene 
Otites.) 

45.  De  Bary,  A.  Protomyces  microsporus  und  seine  Verwandten.  Bot.  Zeit., 

32  :  81-93,  97-108.  1874. 

(Describes  spore  formation  and  germination  of  the  above  species;  under 
a  new  genus,  Entyloma,  places  the  following  species  :  E.  Eryngii  (Cda.), 
E.  Ungerianum  (Ung.)  =  Protomyces  microsporus,  E.  Calendulae  (Oud.), 
E.  Corydalis  De  Bary.) 

46.  De  Bary,  A.  Protomyces  und  die  Ustilagineen.  Yergl.  Morph.  Biol. 

Pilze,  185-200.  1884. 

(Gives  a  general  account  of  the  different  genera,  the  development  and 
germination  of  the  spores,  and  through  Protomyces  shows  relationship 
to  the  Chytridineae  ;  describes  Sphacelotheca,  a  new  genus,  with  a  single 
species,  S.  Hydropiperis.) 

47.  Dietel,  P.  Untersuchungen  liber  einige  Brandpilze.  Flora,  83  :  77-87. 
1897.  Illustr. 

(Discusses  the  Cintractia-like  development  of  spores  of  Ustilago  Isch- 
aemi,  etc.,  and  notes  relationship  to  Sphacelotheca  Hydropiperis;  forms 
a  new  genus,  Poikilosporium,  from  Tolyposporium  Davidsohnii.) 

48.  Dietel,  P.  Hemibasidii.  Nat.  Pflanzenf.,  I1  *  * :  2-24.  1897.  Illustr. 

(Gives  descriptions  of  the  Hemibasidii  and  the  two  orders,  Ustilagineae 
and  Tilletiineae ;  describes  17  genera  with  notes  on  many  species ;  has 
references  to  literature.) 
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49.  Dietel,  P.  Einige  Brandpilze  aus  Sudamerika.  Hedw.,  Beibl.,  37: 

(147-149.)  1898. 

(Lists  13  species  chiefly  from  Chili ;  describes  several  new  species.) 

50.  Dietel,  P.  Hemibasidii.  Nat.  Pflanzenf.,  Nachtrage,  l1  *  * :  545-546. 
1900. 

(Gives  additional  literature,  also  descriptions  and  notes  on  several  addi¬ 
tional  genera  with  their  species.) 

51.  Dietel,  P.  Uredineen  und  Ustilagineen.  Ber.  Deut.  Bot.  Ges.,  18 :  122- 

124,  126,  130-132.  1900. 

(Gives  the  additions  of  smuts  made  to  the  flora  of  Germany  during 
1896-98,  with  references  to  literature.) 

52.  Ellis,  J.  B.  Journ.  Myc.,  Bot.  Gaz.,  Bull.  Torr.  Bot.  Club,  etc. 

(Has  described  in  the  above  periodicals  many  of  the  new  species  of 
smuts  from  the  United  States;  exact  references  may  be  found  under  the 
various  species  described  here.) 

53.  Farlow,  W.  G.  Onion  Smut.  Ann.  Rep.  Sec.  Mass.  St.  Bd.  Agr.,  24  : 

164-176.  1877.  Illustr. 

(Describes  Urocystis  Cepulae  Frost  as  a  new  species  and  gives  an  ex¬ 
tended  botanical  account  of  it.) 

54.  Farlow,  W.  G.  Notes  on  some  Ustilagineae  of  the  United  States. 

Bot.  Gaz.,  8  :  271-278,  318.  1883. 

(Describes  several  new  species  of  Entyloma  and  one  of  Doassansia,  D. 
Epilobii ;  lists  8  species  of  Entyloma,  with  notes  on  these  and  a  few 
other  smuts.) 

55.  Farlow,  W.  G.  and  Seymour,  A.  B.  Host  Index  Fungi  United  States. 
1888-91. 

(List  under  the  various  hosts  the  species  of  smuts  that  have  been  reported 
in  this  country.) 

56.  Farrar,  W.  The  Effect  on  the  Milling  Quality  and  Nutritive  Value  of 

the  resulting  Crop  of  Wheat  when  Bunt  Infected  Seed  is  Sown.  Agr.  Gaz. 
N.  S.  W.,  13 :  1094-1097.  1902. 

(Concludes  that  the  weight  per  bushel  is  less,  but  the  experiment  did 
not  show  that  nutritive  or  milling  qualities  were  lessened). 

57.  Farrar,  W.  Bunt  Experiments  of  1901.  Agr.  Gaz.  N.  S.  W.,  14:  206- 
216.  1903. 

(Gives  results  of  extended  experiments  for  prevention  of  bunt  by  use  of 
bluestone,  corrosive  sublimate,  and  formalin;  last  is  recommended  as 
best,  everything  considered.) 

58.  Fingerhuth,  C.  A.  Mykologische  Beitrage.  Linnaea,  10 :  230-231.  1836. 

(Describes  Thecaphora  as  a  new  genus  with  three  species  under  it,  T. 
hyalina ,  T.  aurantiaca,  T.  pallescens.) 

59.  Fisch,  C.  Entwickelungsgeschichte  von  Doassansia  Sagittariae.  Ber. 

Deut.  Bot.  Ges.,  2  :  405-416.  1884.  Illustr. 

(Gives  extended  account  of  its  life  history,  especially  of  the  formation 
of  the  spore  balls  and  the  germination  of  the  spores.) 

60.  Fischer  de  Waldheim,  A.  Sur  la  Structure  des  Spores  des  Ustilaginees. 
Bull.  Soc.  Nat.  Mosc.,  40:  242-259.  1867.  Illustr. 
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(Describes  the  spores  of  30  species  of  smuts  of  which  a  number  are  fig¬ 
ured  ;  makes  a  few  changes  in  names.) 

61.  Fischer  de  Waldheim,  A.  Beitrage  zur  Biologie  und  Entwickelungs- 

geschichte  der  Ustilagineen.  Pringsh.  Jahrb.  Wiss.  Bot.,  7:  61-144.  1870. 

Illustr. 

(Monographs  known  species;  historical  treatment  of  subject;  observa¬ 
tions  on  mycelium,  spore  formation,  germination,  etc.  ;  gives  list  of 
species  with  hosts  and  list  of  hosts  with  species.) 

62.  Fischer  de  Waldheim,  A.  Aper^u  systematique  des  Ustilaginees, 
1-51.  1877. 

(Describes  species,  giving  hosts,  as  follows:  Ustilago,  72  species  ;  Soro- 
sporium,  6  species ;  Thecaphora,  12  species  ;  Urocystis,  16  species  ; 
Geminella,  3  species;  Entyloma,  4  species;  Tilletia,  14  species.) 

63.  Fischer  de  Waldheim,  A.  Les  Ustilaginees.  Ann.  Sci.  Nat.,  Bot.,  vi, 
4;  190-276.  1877. 

(Includes  descriptions  of  the  family,  7  genera,  140  species,  with  syno¬ 
nyms  and  hosts  ;  concludes  with  a  list  of  hosts  arranged  according  to 
families  and  a  key  to  the  species  according  to  part  of  host  infected.) 

64.  Fischer  de  Waldheim,  A.  Zur  Kenntniss  der  Entyloma-Arten,  1-6. 
1877. 

(Gives  scientific  descriptions  of  eight  species  of  Entyloma,  three  being 
new  ;  evidently  a  monograph  of  the  known  species.) 

65.  Fischer  de  Waldheim,  A.  Revue  des  Plantes  Nourricieres  des  Usti¬ 
laginees,  1-20.  1877. 

(Gives  all  known  hosts  arranged  in  their  families  divided  as  follows: 
Cryptogams,  1 ;  Gymnosperms,  2  ;  Monocotyledons,  193 ;  Dicotyledons, 
112.) 

66.  Fischer  de  Waldheim,  A.  Les  Ustilaginees.  I  Partie  :  1-15.  1877. 

II  Partie  :  1-131.  1878. 

(Includes  general  description  in  the  first  part ;  second  part  contains 
descriptions  of  142  species,  7  doubtful  species,  and  7  genera,  with  syn¬ 
onymy,  exsiccati,  hosts,  etc. ;  descriptions  in  Russian  but  monograph 
otherwise  much  like  that  in  the  Ann.  Sci.  Nat.) 

67.  Foster,  L.  Prevention  of  Smuts.  Bull.  Mont.  Agr.  Exp.  Sta.,  10  :  40-46. 
1896. 

(Gives  results  of  experiments  with  various  fungicides,  of  which  hot 
water  proved  most  effective,  to  prevent  smuts  of  wheat  and  oats.) 

68.  Franciscis,  F.  de.  Sulla  Presenza  dell’  Ustilago  violacea  nei  Piori  di  Me- 

landrium  pratense.  Boll.  Soc.  Bot.  Ital.,  1901 :  261-266.  1901. 

69.  Fries,  E.  Ustilago.  Syst.  Myc.,  3  :  517.  Tuburcinia.  Ibid.,  439.  1829. 

(Gives  the  description  of  Ustilago  as  a  distinct  genus  ;  also  describes 
several  species  placed  under  it ;  describes  Tuburcinia  as  a  new  genus.) 

70.  Galloway,  B.  T.  Ustilagineae.  Bull.  U.  S.  Dep.  Agr.,  Div.  Bot.,  8:  59. 
1889. 

(Lists  15  species  from  Mo.,  giving  hosts  and  short  notes.) 

71.  Geneau  de  Lamarliere,  L.  Quadro  synoptico  das  Ustilagineas  e  das 

Uredineas.  Bol.  Soc.  Brot.,  11  :  210-266.  1893. 
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(Lists,  according  to  hosts,  /I  species  of  smuts  from  Portugal  and  gives 
short  notes  on  each.) 

72.  Griffiths,  D.  Concerning  some  West  American  Eungi.  Bull.  Torr.  Bot. 

Club,  29  :  290-296.  1902. 

(Gives  notes  on  hosts,  distribution,  etc.,  of  11  species  of  smuts,  of  which 
Tilletia  externa,  T.  Earlei,  Ustilago  elegans,  Sorosporium  Bigeloviae,  S. 
Williamsii  are  described  as  new.) 

73.  Griffiths,  D.  Diseases  Injurious  to  Forage  Crops.  Bull.  U.  S.  Dep.  Agr., 

Bur.  PI.  Ind.,  38  :  43-44.  1903. 

(Lists,  with  notes,  Ustilago  hypodijtes ,  U.  Scolochloae ,  Tilletia  fusca,  Usti¬ 
lago  bromivora,  U.  striaeformis,  U.  Mulfordiana,  as  injurious  to  the  range 
grasses  of  the  western  States). 

74.  Griffiths,  D.  Concerning  some  West  American  Smuts.  Bull.  Torr.  Bot. 

Club,  31 :  83-88.  1904.  Ulustr. 

(Describes  as  new  Sorosporium  contortum ,  S.  Eriochloae,  Ustilago  lycur- 
oides,  U.  calcara,  Tilletia  Wilcoxiana,  Ustilago  Scolochloae ,  Thecaphora 
Tliornberi ;  with  notes  on  these  and  several  other  species.) 

75.  Gruss,  J.  Biologische  Erscheinungen  bei  der  Cultwirung  von  Ustilago 

Maydis.  Ber.  Deut.  Bot.  Ges.,  20  :  212-220.  1902.  Ulustr. 

(Gives  results  of  studies  with  enzyin  produced  by  this  fungus  in  artifi¬ 
cial  cultures.) 

76.  Harper,  R.  A.  Nuclear  Phenomena  in  certain  Stages  in  the  Develop¬ 
ment  of  the  Smuts.  Trans.  Wise.  Acad.  Sci.,  Arts,  Lett.,  12:  475-498. 
1899.  Ulustr. 

(Describes  nuclear  phenomena  in  germination  of  Ustilago  Scabiosae  and 
Ustilago  anther  arum ;  each  cell  of  the  pro  mycelium  and  each  sporidium 
has  a  nucleus  derived  by  mitotic  division ;  fusion  of  sporidia  does  not 
lesult  in  fusion  of  nuclei;  describes  methods  of  fixing,  staining,  etc.; 
notes  different  methods  of  non-sexual  fusions  found  in  plants.) 

77.  Harwood,  P.  M.  Smut  in  Oats  and  Wheat.  Bull.  Mich.  Agr.  Exp  Sta 

87  :  1-10.  1892. 

(Gives  populai  account  of  loose  smut  of  oats  and  stinking  smuts  of 
wheat  and -their  prevention  by  hot  water  treatment;  notes  that  culms 
infected  by  Tilletia  foetens  are  taller  than  those  infected  by  T.  Tritici.) 

78.  Hays,  W.  M.  Smut  in  Wheat.  Bull.  Minn.  Agr.  Exp.  Sta  46  •  362- 

368.  1895. 

(Gives  results  of  successful  experiments  in  preventing  stinking  smut  of 
wheat  by  seed  treatment  with  copper  sulphate  and  hot  water.) 

79.  Hecke,  L.  Vorversuche  zur  Bekampfung  des  Brandes  der  Kolbenhirse. 
Zeits.  Landw.  Ver.  Oesterr.,  1902  :  933.  1902. 

(Gives  results  of  treatment  with  hot  water,  formalin,  corrosive  sublimate, 

and  copper  sulphate  on  germination  of  Ustilago  Crameri  and  U.  Panici- 
miliacei.) 

80.  Hennings,  P.  [In  Hedwigia  and  other  German  botanical  periodicals  has 

described,  in  the  past  few  years,  many  of  the  new  species  of  Usti- 
lagineae.] 

81.  Hennings,  P.  Beitrage  zur  Pilzflora  Siidamerikas.  Ustilaginaceae. 

Hedw.,  35  :  212-223.  1896. 
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(Lists  and  describes  smuts  from  South  America,  a  number  of  which  are 
new ;  some  of  these  had  been  listed  by  Schroter  but  never  described.) 

82.  Hennings,  P.  Neue  von  E.  Ule  in  Brasilien  gesammelte  Ustilagineen 

und  Uredineen.  Hedw.,  Beibl.,  38 :  (65-07).  1899. 

(Describes  several  new  species  and  one  new  genus,  Polysaccopsis.) 

83.  Hennings,  P.  Eininge  Beobachtungen  liber  das  Gesunden  pilzkranker 

Pflanzen  bei  veranderten  Kulturverhaltnissen.  Zeits.  Pflanzenkrank.,  13  : 
41-44.  1903. 

(Notes  gradual  disappearance  of  smuts  from  infected  plants  after  trans¬ 
planting  in  botanic  garden.) 

84.  Herzberg,  P.  Vergleichende  Untersuchungen  liber  landwirthschaftlich- 
wichtige  Flugbrandarten.  Zopf  Beitr.  Phys.  Morph.  Organ.,  5 :  1-36. 
1895.  Illustr. 

(Treats  especially  of  cultural  experiments  with  Ustilago  Jensenii ,  U. 
Avenae,  U.  perennans ,  U.  Tritici,  U.  Hordei ;  makes  a  new  genus,  Ustila- 
gidium,  in  which  are  placed  U.  Tritici  and  U.  Hordei.) 

85.  Hitchcock,  A.  S.,  and  Norton,  J.  B.  S.  Corn  Smut.  Bull.  Ivans.  Agr. 

Exp.  Sta.,  62  :  169-212.  1896.  Illustr. 

(Give  extended  botanical  account  of  Ustilago  Mays-zeae ,  including 
damage,  prevention,  literature,  etc.;  also  treat  briefly  of  U.  Reiliana.) 

86.  Hollrung,  M.  Die  Verhiitung  des  Brandes  insbesondere  bei  Gerste  und 

Hafer  duch  die  Saatkornbeize.  Landw.  Jahrb.,  26  :  145-190.  1897. 

(Discusses  at  length  the  literature  relating  to  the  prevention  of  the  cereal 
smuts  by  seed  treatment ;  gives  original  data  concerning  certain  treat¬ 
ments  on  the  germination  of  the  seeds  and  the  prevention  of  the  smuts 
of  barley  and  oats.) 

87.  Hume,  H.  H.  Ustilaginae  of  Iowa.  Proc.  Iowa  Acad.  Sci.,  9:  226-240. 
1902. 

(Lists  50  species  with  their  hosts  and  distribution,  giving  notes  on  some  ; 
places  Ustilago  sphaerogena  under  Cintractia;  names  Ustilago  Arthurii , 
Tilletia  subfusca ,  Entyloma  leuto-maculans ,  E.  Rammelii  as  new  species 
but  without  special  specific  descriptions.) 

88.  Jensen,  J.  L.  Om  Ivornsorternes  Brand.  Copenhagen.  1888. 

(Deals  with  the  prevention  of  smuts  by  hot  water  treatment  of  the  seed, 
of  which  he  was  the  first  chief  investigator.) 

89.  Jensen,  J.  L.  Le  Charbon  des  Cer6ales.  Copenhagen.  1889. 

90.  Johnson,  T.  Experiments  in  the  Prevention  of  Smut,  Ustilago  Avenae 

(Jens.),  in  Oats.  Econ.  Proc.  Roy.  Dublin  Soc.,  1  :  119-131.  1902. 

(Gives  account  of  experiments  with  formalin,  hot  water,  sodium  sul¬ 
phide,  and  potassium  sulphide  ;  especially  recommends  the  last  two.) 

91.  Juel,  H.  O.  Ustilaginei.  Bih.  K.  S.  Vet.-Akad.  Handl.,  23,  afd.  39 :  7—11. 
1897. 

(Describes  Cintractia  axicola  f.  spicularum ,  n.  nom.,  and  Testicularia 
Cyperi  var.  minor ,  n.  var.) 

92.  Kellerman,  W.  A.,  and  Swingle,  W.  T.  Preliminary  Report  on  Smut 

in  Oats.  Bull.  Ivans.  Agr.  Exp.  Sta.,  8  : 91-104.  1889.  Illustr. 

(Give  an  account  of  oat  smut,  especially  of  experiments  in  treating  seed 
for  its  prevention  ;  also  have  note  on  stinking  smut  of  wheat.) 
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93.  Kellerman,  W.  A.,  and  Swingle,  W.  T.  Preliminary  Experiments 

with  Fungicides  for  Stinking  Smut  of  Wheat.  Bull.  Kans.  Agr.  Exp.  Sta., 
12:  27-50.  1800.  Illustr. 

(Give  botanical  account  of  this  fungus,  also  extended  experiments  with 
seed  treatment  for  its  prevention,  of  which  hot  water  method  proved 
best  for  general  use.) 

94.  Kellerman,  W.  A.,  and  Swingle,  W.  T.  Loose  Smuts  of  Cereals. 

Ann.  Rep.  Kans.  Agr.  Exp.  Sta.,  2  :  213-288.  1890.  Illustr. 

(Give  extended  accounts  of  Ustilago  Avenae ,  U.  Avenae  var.  levis,  U. 
Hordei ,  U.  nuda,  U.  Tritici ,  including  literature,  synonymy,  distribu¬ 
tion,  germination,  injury,  prevention,  etc.) 

95.  Kellerman,  W.  A.,  and  Swingle,  W.  T.  Additional  Experiments  and 

Observations  on  Oat  Smut.  Bull.  Kans.  Agr.  Exp.  Sta.,  15  :  93-133.  1890. 

(Report  extended  experiments  with  seed  treatment  for  prevention  of 
smut;  hot  water  and  potassium  sulphide  proved  most  efficient 
fungicides.) 

96.  Kellerman,  W.  A.  Second  Report  on  Fungicides  for  Stinking  Smut 

of  Wheat.  Bull.  Kans.  Agr.  Exp.  Sta.,  21  :  47-72  1891. 

(Gives  further  extended  experiments  with  seed  treatment  with  different 
fungicides ;  hot  water  is  recommended  as  the  most  efficient  treatment.) 

97.  Kellerman,  W.  A.  Experiments  with  Sorghum  Smuts.  Bull.  Kans. 

Agr.  Exp.  Sta.,  23  :  95-105.  1891.  Illustr. 

(Gives  general  account  of  Ustilago  Sorglii  and  U.  Reiliana  including 
infection  and  prevention  experiments ;  treats  U.  Zeae-Mays  similarly.) 

98.  Kellerman,  W.  A.  I.  Smut  of  Oats  in  1891.  II.  Test  of  Fungicides 
to  prevent  Loose  Smut  of  Wheat.  Bull.  Kans.  Agr.  Exp.  Sta.,  22  :  73-90. 
1891. 

(Gives  experiments  for  prevention  by  seed  treatment ;  found  potassium 
sulphide  efficient  for  oat  smut  but  wheat  smut  was  not  successfully  pre¬ 
vented  by  seed  treatment.) 

99.  Klotzsch,  J.  F.  Testicularia  n.  gen.  Linnaea,  7  :  202.  1832.  Illustr. 

(Describes  briefly  this  genus  and  the  single  species,  T.  Cyperi ,  from  North 
American  material  in  the  Hooker  collection.) 

100.  Knowles,  E.  L.  A  Study  of  the  Abnormal  Structures  induced  by  Usti¬ 
lago  Zeae-Mays.  Journ.  Myc.,  5 :  14-18.  1889.  Illustr. 

(Deals  with  effect  of  the  fungus  on  the  tissues  of  the  host.) 

101.  Kornicke,  F.  Mykologische  Beitrage.  Hedw.,  16  :  33-36.  1877. 

(Gives  notes  on  the  synonymy  of  several  smuts  and  describes  a  few  new 
species.) 

102.  Kornicke,  F.  Neovossia  Kcke.  Oesterr.  Bot.  Zeits.,  29 :  217-218.  1879. 

(Gives  a  short  description  of  this  fungus,  N.  Moliniae,  and  renames  it 
Neovossia  as  Vossia,  the  name  applied  to  the  genus  by  de  Thiimen,  had 
already  been  used  for  a  genus  of  the  grasses.) 

103.  Kuhn,  J.  Der  Brand  des  Getreides.  Krankh.  Kullurg.,  42-89.  1858. 

Illustr. 

(Has  a  general  account  of  various  smuts  but  deals  especially  with  infec¬ 
tion,  spore  formation  and  germination  of  Tilletia  Caries ,  Ustilago  Carbo 
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—  on  oats,  U.  destruens,  U.  Maydis ,  U.  Secalis ,  Urocystis  occulta,  and 
Tilletia  Lolii.) 

104.  Kuhn,  J.  Die  Brandformen  der  Sorghum-Orten,  Tilletia  Sorghi  Tul.  und 
Ustilago  cruenta  Kuhn.  Handb.  Gart.  Blumenz.,  28:  177-178.  1872. 

(Briefly  discusses  the  two  species  of  which  TJ.  cruenta  is  described  as 
new.) 

[105.  It  wras  found  necessary  to  omit  this  reference.] 

106.  Kuhn,  J.  Die  Anwendung  des  Kupfervitrioles  als  Schutzmittel  gegen 

den  Steinbrand  des  Weizens.  Bot.  Zeit.,  31 :  502-505.  1873. 

(Gives  tables  showing  effect  of  copper  sulphate,  etc.,  on  germination  of 
spores  of  Ustilago  segetum  on  oats  and  Tilletia  foetens,  a  \°f0  solution 
— |-10  lirs.  soaking  —  preventing  germination  of  spores  but  not  injuring 
seed  soaked  in  it  for  12  hours.) 

107.  Kuhn,  J.  Ueber  die  Entwickelungsformen  des  Getreidebrandes.  Naturf. 
Ges.  Halle,  1874.  (Bot.  Zeit.,  1874  :  121-124.) 

(Gives  an  account  of  investigations  with  the  smuts  of  the  common  cereals, 
including  manner  of  infection,  etc.) 

108.  Kuhn,  J.  Tilletia  Secalis  eine  Kornbrandform  des  Roggens.  Bot.  Zeit., 

34  :  470-472.  1876. 

(Gives  a  description  of  this  smut  of  rye,  which  is  rarely  found,  and  places 
it  under  the  genus  Tilletia.) 

109.  Kuhn,  J.  Die  Brandformen  der  Sorghumarten.  Mitth.  Ver.  Erdk. 

Halle,  1877.  [Hedw.,  17  :  6-14.  1878.] 

(Gives  differences  between  the  smuts  found  on  Sorghum.) 

110.  Lugger,  O.  List  of  Parasitic  Plants  found  near  the  Station.  Ann.  Rept. 

Minn.  Agr.  Exp.  Sta.,  1893 :  307-312.  1894. 

(Lists,  among  other  fungi,  about  a  dozen  species  of  smuts  from  Minne¬ 
sota.) 

111.  Magnus,  P.  Ueber  einige  Arten  der  Gattung  Schinzia  Naeg.  Ber.  Deut. 

Bot.  Ges.,  6:  100-104.  1888.  Illustr. 

(Describes  the  three  species  of  this  genus,  two  being  new;  objects  to  the 
use  of  Entorrhiza  Web.,  as  the  generic  name,  since  Schinzia  Naeg.  has 
preference  through  priority.) 

112.  Magnus,  P.  Beitrag  zur  Kenntniss  einer  oesterreichisclien  Ustilaginen. 

Oesterr.  Bot.  Zeits.,  42  :  37-40.  1892.  Illustr. 

(Discusses  Ustilago  cingens  Beck.,  and  places  it  under  Melanotaenium, 
as  M.  cingens ;  says  it  is  the  same  as  M.  caulium.) 

113.  Magnus,  P.  Cintractia  Krugiana  Magn.,  n.  sp.  Engl.  Bot.  Jahrb.,  17  : 

490.  1893.  Illustr. 

(Describes  this  smut  on  Rhynchospora  gigantea  from  Porto  Rico,  dealing 
especially  with  manner  of  spore  formation.) 

114.  Magnus,  P.  Ueber  die  Ustilagineen-Gattung  Setchellia  Magn.  Ber. 

Deut.  Bot.  Ges.,  13  :  468-472.  1895  Illustr. 

(Gives  structural  characters  of  this  new  genus  which  is  based  on  the 
species  Doassansia  punctiformis ;  the  spore  balls  are  only  partially  sur¬ 
rounded  by  a  cortex.) 

115.  Magnus,  P.  Die  Ustilagineen  (Brandpilze)  der  Provinz  Brandenburg. 

Verh.  Bot.  Yer.  Prov.  Brand.,  37  :  66-97.  1896.  Illustr. 
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(Lists  74  species;  gives  hosts,  some  synonyms,  localities,  and  occasional 
notes  on  species  ;  places  Ustilago  Caricis ,  U.  Montagnei ,  and  U.  subin- 
clusa  under  the  genus  Cintractia.) 

116.  Magnus,  P.  Eine  nordamerikanische  Ustilaginee  auf  Panicum  Crus-galli. 

Ber.  Deut.  Bot.  Ges.,  14  :  216-221.  1896.  Illustr. 

(Describes  Cintractia  Seymouriana  as  a  new  species;  figures  and  describes 
spore  formation.) 

117.  Magnus,  P.  Einige  Bemerkungen  zu  P.  Dietel’s  Bearbeitung  der  Hemi- 

basidii  und  Uredinales  in  Engler-Prantl  Natiirliche  Pflanzenfamilien,  Bd.  I. 
Bot.  Centr.,  74  :  165-167.  1898. 

(Objects  to  Dietel’s  rearrangement  of  Setchell’s  work  on  Doassansia  and 
to  his  dropping  the  genus  Setchellia.) 

118.  Magnus,  P.  Les  Ustilaginees  du  Cynodon  Dactylon  (L.)  et  leur  Distribu¬ 
tion  geographique.  Bull.  Soc.  Myc.  Fr.,  15:  265-271.  1899.  Illustr. 

(Gives  the  literature,  synonymy  and  distinguishing  characters  of  Ustilago 
Cynodontis  (Pass.)  P.  Henn.,  U.  Paraguariensis  Speg.,  U.  Dregeana  Tul., 
which  species  have  been  somewhat  confused  by  writers.) 

119.  Magnus,  P.  Beitrag  zur  Kenntniss  der  Neovossia  Moliniae  (Thm.)  Koern. 

Ber.  Deut.  Bot.  Ges.,  18 :  73-78.  1900.  Illustr. 

(Describes  manner  of  spore  formation  ;  says  spores  are  formed  at  end  of 
sterigmata.) 

120.  Magnus,  P.  Weiterer  Beitrag  zur  Kenntniss  der  Pilze  des  Orients. 

Verh.  Zool.-Bot.  Ges.,  Wien,  50:  433-436.  1900. 

(Lists  and  describes  species  of  smuts  collected  in  Syria  and  Palestine, 
two  of  which  are  described  as  new.) 

121.  Maire,  R.  Note  sur  le  Developpement  saprophytique  et  sur  la  Structure 

cytologique  des  Sporidies-devures  chez  V  Ustilago  Maydis.  Bull.  Soc.  Myc. 
Fr.,  14  :  161-173.  1898.  Illustr. 

(Gives  account  of  the  growth  of  the  sporidia  in  cultural  media  and  of 
their  cytological  characters.) 

122.  Maire,  R.  Sur  la  Coexistence  de  la  Nielleet  de  la  Carie  dans  les  Grains 

de  Ble.  Bull.  Soc.  Myc.  Fr.,  18 :  130.  1902. 

(Found  in  wheat  galls  produced  by  a  nematode  that  the  development  of 
Tilletia  Tritici ,  also  present,  was  so  retarded  that  the  formation  of  the 
spores  could  be  determined  ;  the  mycelial  thread  contains  two  nuclei, 
as  well  as  the  spores,  in  the  latter  fusing  before  maturity  of  the  spore.) 

123.  Massalongo,  C.  Sulla  Scoperta  in  Italia  della  Thecaphora  ajjinis 

Schneid.  Boll.  Soc.  Bot.  Ital.,  1896:  211-212.  1896. 

(Considers  this  species  distinct  from  Thecaphora  hyalina,  etc.) 

124.  Massee,  G.  Ustilagineae.  British  Fungi,  164-203.  1891.  Illustr. 

(Describes  11  genera  and  50  species  of  smuts  that  are  found  in  Great 
Britain;  gives  hosts,  synonymy,  etc.,  also  3  doubtful  genera  with  spe¬ 
cies.) 

125.  Massee,  G.  A  Revision  of  the  Genus  Tilletia.  Ivew  Bull.,  153-154: 

141-159.  1899.  Illustr. 

(Describes  27  true  species  and  3  doubtful  species ;  excludes  7  species: 
places  Tilletia  corona  under  Neovossia ;  gives  hosts  and  distribution.) 
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126.  Miyabe,  K.  Note  on  Ustilago  esculenta  Henn.  Tok.  Bot.  Mag.,  9: 
197-198.  1895. 

(Describes  this  fungus  and  notes  its  use  in  Japan  for  dyeing  hair  and 
eyebrows  and  in  the  lacquer  industry.) 

127.  Mottareale,  G  L 'Ustilago  Reiliana  fa.  Zeae  e  la  Formazione  dei 

Tumori  staminali  nel  Granone.  Ann.  R.  Scuol.  Sup.  Agr.  Portici,  4.  1902. 

(Describes  effect  on  the  tissues  of  the  host.) 

128.  Nawaschin,  S.  Was  sind  eigentlich  die  sogenannten  Mikrosporen  der 

Torfmoose?  Bot.  Centr.,  43  :  289-290.  1890. 

(Describes  the  so  called  microspores  found  in  capsules  of  Sphagnum  as 
Tilletia  ?  Sphagni  n.  sp.) 

129.  Norton,  J.  B.  S.  A  Study  of  the  Kansas  Ustilagineae,  especially  with 
regard  to  their  Germination.  Trans.  Acad.  Sci.  St.  Louis,  7:  229-241. 
1896.  Illustr. 

(Lists  33  species  and  describes  and  figures  germination  of  most  of  them; 
describes  as  new  Ustilago  jilif era  and  U.  minor.) 

130.  Omori,  J.  Some  Remarks  on  Mr.  Takahashi’s  Paper  on  the  Identity  of 

Ustilago  virens  Cooke  and  Ustilag inoidea  Oryzae  Brefeld.  Tok.  Bot.  Mag., 
10  :  29-31.  1896. 

(Disputes  Takahashi’s  conclusions  that  these  species  are  the  same  ; 
maintains  that  U.  virens  is  a  true  smut  and  renames  it  Sphacelotheca 
virens.) 

131.  Oudemans,  C.  A.  J.  A.  Ustilaginacees.  Revision  des  Champignons 

dans  les  Pays-bas,  1 :  589-617.  1892. 

(Lists  33  species  with  hosts  found  in  the  Netherlands  ;  under  each  spe¬ 
cies  are  given  short  notes,  especially  on  germination.) 

132.  Pammel,  L.  H.  Corn  Smut.  Bull.  Ia.  Agr.  Exp.  Sta.,  16  :  315-321. 
1892. 

(Gives  negative  results  in  preventing  corn  smut  by  seed  treatment  with 
hot  water,  etc.) 

133.  Pammel,  L.  H.  Grasses  of  Iowa.  Bull.  Ia.  Geol.  Surv.,  1  :  217-261. 
1901.  Illustr. 

(Has  general  notes  on  the  more  common  smuts  of  grasses,  especially  of 
those  found  in  Iowa.) 

134.  Pammel,  L.  H.,  and  Stewart,  F.  C.  Prevention  of  Corn  and  Oats 

Smut.  Bull.  Ia.  Agr.  Exp.  Sta.,  20  :  721-726.  1893. 

(Give  results  of  treatment  with  various  fungicides,  those  tried  on  corn 
having  negative  results.) 

135.  Patouillard,  N.  Une  Forme  radicicole  de  VUrocystis  Anemones  (Pers.). 

Journ.  Bot.  Fr.,  7  :  237-238.  1893. 

(Notes  this  as  rarely  occurring  on  roots  of  Adonis  aestivalis.) 

136.  Patterson,  F.  W.  Ustilagineae.  Bull.  U.  S.  Dep.  Agr.,  Bur.  PI.  Ind., 
8:  16-17.  1902. 

(Lists  33  species  of  North  American  smuts,  with  their  hosts,  localities, 
etc.,  that  are  offered  for  distribution  by  the  Department.) 

137.  Peacock,  R.  W.  Bunt  Experiments  at  Coolabah  Farm.  Agr.  Gaz.  N. 

S.  W.,  13  :  1013-1014.  1902. 
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(Records  results  of  successful  treatment  with  bluestone  and  hot  water.) 

138.  Peck,  C.  H.  Milleria  gen.  nov.  Rep.  N.  Y.  St.  Mus.  Nat.  Hist.,  31 :  40. 
1879. 

(Describes  this  as  a  Gasteromycete  from  specimens  collected  by  Miller, 
at  Wading  River,  N.  Y.,  on  Ehynchospora  macrostachya.) 

139.  Fenzig,  O.  Note  sul  Genere  Mykosyrinx.  Malpighia,  13 :  622-532. 
1900.  Illustr. 

(Deals  chiefly  with  Mykosyrinx  Cissi,  giving  literature,  distribution  and 
structure;  also,  briefly  treats  of  M .  Arabica.) 

140.  Plowright,  C.  B.  A  Monograph  of  the  British  Uredineae  and  Usti- 

lagineae,  1-347.  1889.  Illustr. 

(Treats  of  mycelium,  formation  of  teleutospores,  germination,  infection 
of  hosts,  spore  culture ;  monographs  the  genera  and  49  species,  also  8 
allied  species,  giving  descriptions,  hosts,  some  synonyms,  references  to 
biology,  etc.  ;  gives  literature.) 

141.  Prevost,  B.  Memoire  sur  la  Cause  immediate  de  la  Carie.  Paris.  1807. 

(According  to  De  Bary,  Prevost  was  the  first  botanist  to  record  the  ger¬ 
mination  of  smut  spores.) 

142.  Prillieux.  E.  Quelques  Observations  sur  la  Formation  et  la  Germination 

des  Spores  des  Urocystis.  Ann.  Sci.  Nat.,  Bot.,  vi,  10 :  49-61.  1880. 

Illustr. 

(Deals  chiefly  with  Urocystis  Violae,  giving  literature,  method  of  spore 
formation  and  germination;  treats  less  fully  of  Urocystis  Colchici.) 

143.  Prillieux,  E.  Le  Charbon  du  Sorgho,  Ustilago  Sorghi  (Lk.)  Pass.  Bull. 

Soc.  Bot.  Fr.,  42  :  36-39.  1895.  Illustr. 

(Describes  spore  formation,  sterile  cells,  etc.,  of  this  species,  which 
resembles  those  of  the  genus  Sphacelotheca  but  has  central  columella  of 
plant  tissues  only.) 

144.  Ray,  J.  Etude  biologique  sur  le  Parasitisme  Ustilago  Maydis.  Compt. 

Rend.  Acad.  Sci.,  Paris,  136 9 :  567-570.  1903. 

145.  Reed,  J.  Treatment  of  Stinking  Smut  in  Wheat.  Bull.  Col.  Agr.  Exp. 

Sta.,  79  :  1-8.  1903. 

(Gives  results  of  treatment  with  several  fungicides,  recommending 
sprinkling  with  copper  sulphate  —  1  lb.  to  4  gals.  — as  the  best.) 

146.  Ricker,  P.  L.  A  Preliminary  List  of  Maine  Fungi.  Uni.  Maine 

Studies,  3  :  50.  1902. 

(Lists  9  species  of  smuts  with  hosts  from  Maine.) 

147.  Rostrup,  E.  Ustilagineae  Daniae.  Saektryk  af  den  botaniske  Foren- 

ings  Festskrift,  1-54  (117-168).  1890.  Illustr. 

(Describes  67  true  smuts  and  several  doubtful,  giving  hosts,  some  syno¬ 
nyms,  notes,  etc.) 

148.  Rothrock,  J.  T.  Beitrag  zur  Kenntniss  der  Ustilagineen.  Bot.  Gaz.,  7  : 
81.  1882. 

(Reviews  Woronin’s  paper ;  gives  key  to  genera  based  on  germination 
of  spores.) 

149.  Rudolphi,  F.  Plantarum  vel  novarum  vel  minus  cognitarum  Descrip- 

tiones.  Linnaea,  4  :  116-117.  1829. 
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(Describes  Sorosporium  as  a  new  genus  having  the  single  species,  S. 
Saponariae.) 

150.  Saccardo,  P.  A.,  and  others.  Ustilagineae  in  Syll.  Fung,  as  follows: 

De  Toni,  J.  B.  Syll.  Fung.,  7 2 :  449-524.  1887. 

(Di\ides  genera  into  three  sections  according  as  spores  are  simple, 
double,  or  in  balls;  describes  16  true  and  2  doubtful  genera;  gives 
descriptions,  synonymy,  hosts,  and  distribution  of  284  species.) 

Mussat,  E.  Syll.  Fung.,  15  :  1901. 

(Gives  names,  arranged  alphabetically,  of  such  synonyms  as  are  reported 
in  Syll.  Fung.) 

Saccardo,  P.  A.  Syll.  Fung.,  9  :  282-290.  1891. 

(Gives  descriptions  of  44  additional  species.) 

Saccardo,  P.  A.  Syll.  Fung.,  11  :  230-238.  1895. 

(Gives  descriptions  of  42  additional  species.) 

Saccardo,  P.  A.,  and  Sydow,  P.  Syll.  Fung.,  14:  410-431.  1899. 

(Give  descriptions  of  121  additional  species.) 

Saccardo,  P.  A.,  and  Sydow,  P.  Syll.  Fung.,  16  :  367-382.  1902. 

(Give  descriptions  of  77  additional  species.) 

Sydow,  P.  Syll.  Fung.,  12  :  1897.  Ibid.,  13:  1898. 

(Gives  species  reported  in  Syll.  Fung,  in  vol.  12  and  in  vol.  13  the  hosts 
arranged  alphabetically  under  the  different  genera.) 

151.  Schroter,  J.  Die  Brand- und  Rost-pilze  Schlesiens.  Abli.  Schles.  Ges., 

Abth.  Nat.  Med.,  1869-72  :  1-31.  1869. 

(Gives  hosts  and  short  descriptions  of  31  species  of  smuts;  describes  6 
new  species  and  1  new  genus.) 

152.  Schroter,  J.  Bemerkungen  und  Beobachtungen  liber  einige  Ustilagineen. 

Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  349-383.  1877.  Illustr. 

(Describes  and  discusses  under  26  groups  a  number  of  smuts ;  describes 
one  new  species;  gives  germination  of  a  number  of  species,  including 
Geminella  Delastrina  and  Schizonella  melanogramma.) 

153.  Schioter,  J.  Naclitrag  zu  den  Bemerkungen  tiber  einige  Ustilagineen. 

Cohn’s  Beitr.  Biol.  Pflanz.,  2  :  435-440.  1877. 

(Deals  chiefly  with  genus  Enty loma ;  tabulates  13  species  with  consid¬ 
eration  of  the  conidia  as  one  of  the  means  for  distinguishing  them.) 

154.  Schroter,  J.  Ustilaginei.  Ivrypt.  FI.  Scliles.,  3 1 :  261-291.  1887. 

(Describes  genera  and  species  found  in  Sclilesien,  giving  hosts,  partial 
synonymy,  etc. ;  includes  13  true  and  4  doubtful  genera,  76  true  and  4 
doubtful  species ;  gives  description  of  order,  family,  etc.,  with  key  to 
the  genera.) 

155.  Schroter,  J.  Siidamerikanischen  Pilze.  Bot.  Centr.,  50 :  41-42-.  1892. 

(Reports  with  hosts  35  species  of  smuts  from  Brazil,  several  of  which  are 
mentioned  by  name  as  new  but  are  not  described.) 

156.  Selby,  A.  D.  The  Smut  of  Oats  and  its  Prevention.  Bull.  Ohio  Agr. 
Exp.  Sta.,  64  :  115-139.  1895. 

(Gives  general  account  of  oat  smut,  its  damage  in  Ohio,  and  the  results 
of  successful  preventive  experiments  with  hot  water  and  potassium  sul¬ 
phide.) 
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157.  Selby,  A.  D.  Some  Diseases  of  Wheat  and  Oats.  Bull.  Ohio  Agr. 

Exp.  Sta.,  97  :  31-38,  43-61.  1898. 

(Treats  largely  of  preventive  experiments  with  smuts.) 

158.  Selby,  A.  D.  Onion  Smut — Preliminary  Experiments.  Bull.  Ohio 

Agr.  Exp.  Sta.,  122  :  71-84.  1900.  Illustr. 

(Gives  general  account  of  this  smut  and  experiments  to  prevent  it; 
formalin  and  stone  lime  applied  to  furrows  at  time  of  seeding  proved 
efficient  remedies.) 

159.  Selby,  A.  D.  The  Prevention  of  Onion  Smut.  Bull.  Ohio  Agr.  Exp. 

Sta.,  131 :  47-51.  1902. 

(Gives  favorable  results  in  preventing  this  smut  by  soil  treatment,  at 
time  of  seeding,  with  lime,  formalin,  and  especially  with  a  combination 
of  these.) 

160.  Setchell,  W.  A.  Preliminary  Notes  on  the  Species  of  Doassansia 

Cornu.  Proc.  Amer.  Acad.  Arts  Sci.,  26  :  13-19.  1891. 

(Lists  9  species  of  Doassansia;  describes  3  new  species,  D.  opaca ,  D.  ob- 
scura,  D.  deformans ,  and  2  new  genera,  Burrillia  and  Cornuella.) 

161.  Setchell,  W.  A.  An  Examination  of  the  Species  of  the  Genus  Doas¬ 
sansia  Cornu.  Ann.  Bot.,  6 :  1-48.  1892.  Illustr. 

(Gives  literature,  synonymy,  distribution,  descriptions,  spore  formation, 
germination  of  the  known  species  of  Doassansia,  Burrillia,  and  Cornu¬ 
ella  ;  discusses  relationships.) 

162.  Setchell,  W.  A.  Notes  on  Ustilagineae.  Bot.  Gaz.,  19  :  185-190.  1894. 

Illustr. 

(Gives  notes  on  several  species  ;  Doassansia  intermedia  is  described  as 
new  ;  describes  and  figures  germination  of  Tolyposporium  bullatum,  Usti- 
lago  sphaerogena ,  and  Entyloma  Compositarum .) 

163.  Seymour,  A.  B.  List  of  Fungi  Collected  in  1884  along  the  Northern 

Pacific  Railroad.  Proc.  Boston  Soc.  Nat.  Hist.,  24:  190-191.  1889. 

(Lists  8  species  of  smuts  of  which  TJstilago  subinclusa  is  reported  for  first 
time  in  U.  S.) 

164.  Sirrine,  F.  A.,  and  Stewart,  F.  C.  Experiments  on  the  Sulphur-Lime 
Treatment  for  Onion  Smut.  Bull.  N.  Y.  Agr.  Exp.  Sta.,  182  :  145-172.  1900. 

(Give  results  of  extended  experiments  for  prevention  of  onion  smut ; 
recommend  using  in  the  drills  at  time  of  seeding  100  lbs.  sulphur  and 
50  lbs.  air-slaked  lime  per  acre.) 

165.  Smith,  C.  D.  Feeding  Corn  Smut  to  Dairy  Cows.  Bull.  Mich.  Agr.  Exp. 

Sta.,  137  :  41-46.  1896. 

(Gives  results  of  chemical  analysis  of  smut  by  the  station  chemist  who 
failed  to  find  any  poisonous  alkaloids  ;  fed  the  cows  large  quantities 
of  the  smut  during  the  course  of  the  experiment  without  any  injurious 
result.) 

166.  Smith,  E.  F.  Recent  Investigations  of  Smut  Fungi  and  Smut  Diseases 

by  Oskar  Brefeld.  Journ.  Myc.,  6  :  1-8,  59-71,  153-164.  1890. 

(Makes  a  translation  of  Brefeld’s  work.) 

167.  Sorokine,  N.  Materiaux  pour  la  Flore  Cryptogamique  de  l’Asie  Cen¬ 
tral.  Rev.  Myc.,  11  :  207-208.  1889.  Ibid.,  12  :  3-5.  1890. 
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(Lists,  with  notes,  four  common  smuts  and  also  describes  Endothlaspis 
as  a  new  genus  with  two  species,  E.  Melicae  on  Melica  ciliata  and  E. 
Sorghi  on  Sorghum  cernuum.) 

168.  Spegazzini,  C.  Ustilagineae.  Fungi  Argentini  novi  vel  critici,  207- 

214.  1899. 

(Gives  notes  or  descriptions  of  33  species  of  smuts  from  Argentine 
Republic;  11  species  are  described  as  new.  In  other  South  American 
publications  Spegazzini  has  listed  or  described  as  new  most  of  the  smuts 
reported  from  that  continent.) 

169.  Strohmeyer,  O.  Anatomische  Untersuchung  der  durch  Ustilagineen 
liervorgerufenen  Missbildungen,  1-82.  Erlangen.  1896.  Illustr. 

(Gives  short  descriptions  of  the  position  in  and  the  effect  'on  the  tissues 
of  their  hosts  by  various  smuts.) 

170.  Stuart,  W.  Formalin  as  a  Preventive  of  Oat  Smut.  Bull.  Ind.  Agr. 

Exp.  Sta.,  87  :  1-26.  1901. 

(Reports  results  of  three  seasons’  experiments  with  this  fungicide,  which 
is  recommended  as  being  very  efficient  when  seed  is  soaked,  and  fairly 
efficient  when  seed  is  sprinkled.) 

171.  Stuart,  W.  Formalin  as  a  Preventive  of  Millet  Smut.  Ann.  Rep.  Ind. 
Agr.  Exp.  Sta.,  13:  25.  1901. 

(Shows  from  experiments  that  seed  soaked  1-2  hrs.  in  formalin,  rate 
of  1  lb.  to  45  gals,  water,  was  effective  in  preventing  this  smut.) 

172.  Stuart,  W.  A  Study  of  the  Constituents  of  Corn  Smut.  Ann.  Rep.  Ind. 

Agr.  Exp.  Sta.,  13  :  26-32.  1901. 

(Decides  from  results  of  chemical  and  physiological  tests  that  corn  smut 
possesses  some  narcotic  in  minute  quantity.) 

173.  Sturgis,  W.  C.  Transplanting  as  a  Preventive  of  Smut  upon  Onions. 

Ann.  Rep.  Conn.  Agr.  Exp.  Sta.,  19:  176-182.  1896. 

(Reports  successful  experiment  in  preventing  onion  smut  by  transplant¬ 
ing  seedlings  from  uninfected  to  infected  soil.) 

174.  Swingle,  W.  T.  The  Grain  Smuts.  U.  S.  Dep.  Agr.,  Farm.  Bull.,  75: 

I- 20.  1898.  Illustr. 

(Gives  general  account  of  the  most  injurious  species,  their  damage, 
methods  for  prevention,  etc.  This  is  largely  a  revised  reprint  of  an 
earlier  bulletin,  number  5,  on  the  same  subject.) 

175.  Sydow,  H.  and  P.  Zur  Pilzflora  Tirols.  Oesterr.  Bot.  Zeits.,  51 : 

II- 12.  1901. 

(List  9  species  of  smuts  and  place  Ustilago  Ischaemi  under  the  genus 
Cintractia.) 

176.  Takahashi,  Y.  On  Ustilago  virens  Cooke  and  a  New  Species  of  Tilletia 

parasitic  on  Rice  Plant.  Tok.  Bot.  Mag.,  10 :  16-20.  1896.  Illustr. 

(Shows  the  identity  of  Ustilago  virens,  Tilletia  Oryzae ,  and  Ustilagin- 
oidea  Oryzae,  and  renames  the  fungus  Ustilaginoidea  virens ;  describes 
Tilletia  horrida  as  a  new  species.) 

177.  Takahashi,  Y.  Smut  of  Panicum  miliaceum.  Tok.  Bot.  Mag.,  16: 

247-258.  1902. 

(Places  this  under  Sorosporium,  renaming  it  S.  Panici-miliacei  (Pers.) 
Tak.) 
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178.  Tessier,  — .  Traits  des  Maladies  des  Grains.  Paris.  1783.  Illustr. 

(Gives  an  account  of  diseases  of  grain,  especially  those  caused  by  smut ; 
apparently  first  published  in  Hanoverischen  Magazin.) 

170.  Thaxter,  R.  The  Smut  of  Onions  ( Urocystis  Cepulae  Frost).  Ann.  Rep. 
Conn.  Agr.  Exp.  Sta.,  1889 :  129-153.  1890.  Illustr. 

(Gives  extended  account  of  this  smut,  its  relationships,  methods  for  pre¬ 
vention,  etc. ;  describes  as  new  Urocystis  Hypoxys  on  Hypoxys  erecta.) 

180.  Thiimen,  F.  v.  Vossia  Tliiim.,  eine  neue  Ustilagineen  Gattung.  Oesterr. 

Bot.  Zeits.,  29  :  18-20.  1879. 

(Describes  this  new  genus  based  on  a  single  species,  V.  Moliniae  on 

Molinia  coerulea.) 

181.  Tracy,  S.  M.,  and  Earle,  F.  S.  Mississippi  Fungi.  Bull.  Miss.  Agr. 

Exp.  Sta.,  34  :  92-94.  1895.  Ibid.,  38  :  138-139.  1896. 

(List,  with  hosts,  a  number  of  Ustilagineae  from  Mississippi,  with  notes 
on  some  of  the  species.) 

182.  Trail,  J.  W.  H.  Revision  of  the  Uredineae  and  of  the  Ustilagineae  of 

Scotland.  Trans.  Crypt.  Soc.  Scotl.,  27-33.  1891.  (Reprint  and  revision 

from  Scot,  Nat.,  1890.) 

(Gives  a  list  of  38  species  of  smuts  with  hosts  and  localities.) 

183.  Trelease,  W.  Prel.  List.  Par.  Fungi  Wisconsin.  1-40.  1884.  (Printed 

later  in  Wise.  Acad.  Arts,  Sci.,  Lett.) 

(Lists  a  number  of  species  of  smuts  with  their  hosts,  giving  short  notes 
on  a  few.) 

184.  Trelease,  W.  The  Genus  Cintractia.  Bull.  Torr.  Bot.  Club,  12  :  69. 

70.  1885.  Illustr. 

(Finds  that  Ustilago  Junci  belongs  to  Cintractia  and  renames  it  C. 
Junci  ;  describes  spore  formation  and  germination.) 

185.  Tubeuf,  K.  F.  von.  Ustilagineae.  Diseases  of  Plants.  275-328.  1897. 
Illustr.  (English  edition  by  W.  G.  Smith.) 

(Gives  descriptions  of  16  genera  and  lists  over  200  species  with  notes 
on  the  more  important  economic  forms.) 

186.  Tulasne,  L.  R.  and  C.  M6moire  sur  les  Ustilaginees  compares  aux 

Uredinees.  Ann.  Sci.  Nat.,  Bot.,  in,  7  :  12-127.  1847.  Illustr. 

(Give  descriptions  of  the  known  species  with  hosts,  synonyms,  and  notes; 
give  a  general  description,  including  literature  of  the  subject.  This  was 
the  first  important  work  on  the  Ustilagineae.) 

187.  Tulasne,  L.  R.  Second  Memoire  sur  les  Uredinees  et  les  Ustilaginees. 

Ann.  Sci.  Nat,,  Bot.,  iv,  2  :  157-164.  1854.  Illustr. 

(Describes  and  figures  the  germination  of  Tilletia  Caries  and  Ustilago 
receptaculorum  on  Tragopogon  and  Scorzonera. 

188.  Ule,  E.  Beitrag  zur  Kenntniss  der  Ustilagineen.  Yerh.  Bot.  Ver.  ITov. 

Brand.,  25:  212-217.  1884.  (Reprint,  Hedw.,  25  :  111-116.  1886.) 

(Gives  notes  on  grass  smuts  collected  in  Germany  ;  has  six  new  species 
with  meager  descriptions.) 

189.  Underwood,  L.  M.,  and  Earle,  F.  S.  A  Preliminary  List  of  Alabama 

Fungi.  Bull.  Ala.  Agr.  Exp.  Sta.,  80  :  207-208.  1897. 

(List  a  number  of  smuts,  with  hosts,  giving  notes  on  some  of  the 
species.) 
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190.  Unger,  F.  Der  Brand,  etc.  Exanth.  Pflanz.,  345-358.  1833. 

(Has  general  notes  on  smuts  known  at  this  time.) 

191.  Vanderyst,  H.  Les  Ustilaginees  observees  en  Belgique.  1900. 

(Lists  over  50  species  giving  tlieir  distribution  in  Belgium.) 

192.  Wakker,  J.  H.  Untersuchungen  liber  den  Einfluss  parasitischer  Pilze 

auf  ihre  Nahrpflanzen.  Pringsh.  Jahrb.  Wiss.  Bot.,  24:  532-536.  1892. 

(Describes  effect  of  Urocystis  Violae  and  Ustilago  Maydis  on  the  tissues 
of  their  hosts,  Viola  odorata  and  Zea  Mats. 

193.  Walker,  E.  A  Preliminary  Report  upon  Treatment  for  Rice  Smut. 

Bull.  S.  Car.  Agr.  Exp.  Sta.,  41 :  15-31.  1899. 

(Gives  effect  of  several  fungicides  upon  the  germination  of  rice  seeds ; 
also  has  general  notes  on  preventive  treatment  by  fungicides.) 

194.  Ward,  H.  M.  On  the  Structure  and  Life  History  of  Enlyloma  Ranun¬ 
culi  (Bon.)  Phil.  Trans.  Roy.  Soc.  London,  178  :  173-185.  1887.  Illustr. 

(Describes  and  figures  this  fungus  in  its  different  stages  of  development.) 

195.  Webber,  H.  J.  A  Preliminary  Enumeration  of  the  Rusts  and  Smuts 

of  Nebraska.  Bull.  Neb.  Agr.  Exp.  Sta.,  11 :  66-72.  1889. 

(Gives  notes  on  21  species  of  smuts  collected  in  that  State.) 

196.  Weber,  C.  Ueber  den  Pilz  der  Wurzelanschwellungen  von  Juncus 

bufonius.  Bot.  Zeit.,  42  :  369-379.  1884.  Illustr. 

(Has  a  description  of  the  spore  development  and  germination  of  Schinzia 
cypericola  Magn.,  and  makes  it  the  basis  of  a  new  genus  Entorrhiza.) 

197.  Wilcox,  E.  N.  Bot.  Gaz.,  34  :  66.  1902. 

(States  that  Stipa  Hassei  is  merely  a  malformed  specimen  of  Stipa 
eminens  Andersoni  caused  by  a  smut  in  the  spikelets.) 

198.  Winter,  G.  Einige  Notizen  iiber  die  Familie  der  Ustilagineen.  Flora, 

59 :  145-152,  161-172.  1876.  Illustr. 

(Treats  especially  of  Geminella  Delastrina,  Urocystis  Colchici,  Ustilago 
utriculosa,  U.  hypodytes ,  U.  Ischaemi ;  gives  methods  of  spore  formation 
and  also  of  germination  of  G.  Delastrina ,  and  U.  hypodytes.) 

199.  Winter,  G.  Ustilagineae.  Die  Pilze,  l1 :  79-131.  1881.  Illustr. 

(Gives  descriptions  of  7  genera  and  86  species  found  in  Germany,  with 
hosts,  synonymy,  etc. ;  gives  list  of  host  plants  arranged  according  to 
families.) 

200.  Winter,  G.  and  Demetrio,  C.  H.  Beitragezur  Pilz-flora  von  Missouri. 

Hedw.,  24:  178-179.  1885. 

(List  7  species  of  smuts  with  their  hosts.) 

201.  Wolff,  R.  Beitrag  zur  Kenntniss  der  Ustilagineen.  Bot.  Zeit.,  31  : 
657-661,  673-677,  689-694.  1873.  Illustr. 

(Treats  of  rye  smut,  Urocystis  occulta,  dealing  with  infection  of  host, 
spore  formation  and  germination.) 

202.  Wolff,  R.  Der  Brand  des  Getreides,  1-37.  1874.  Illustr. 

(Describes  method  of  infection,  mycelium,  spore  formation,  and  ger¬ 
mination  of  Ustilago  Carbo,  U.  destruens  [  U.  Panici-miliacei ],  U.  Maydis , 
Tilletia  laevis ,  and  Urocystis  occulta.) 

203.  Woronin,  M.  Beitrag  zur  Kenntniss  der  Ustilagineen.  Abh.  Senck. 
Nat.  Ges.,  12  :  559-591.  1882.  Illustr. 
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(Treats  in  detail  of  the  spore  formation,  germination,  etc.,  of  Tuburcinia 
Trientalis  and  in  less  detail  of  Sorosporium  Saponariae ,  S.  Junci,  The- 
caphora  hyalina,  Entyloma  Aschersonii,  E.  Magnusii,  E.  Eryngii ,  Mel- 
anotaenium  endogenum ;  gives  systematic  arrangement  of  the  genera  of 
Ustilagineae.) 
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Introduction. 

When  the  Challenger  expedition  visited  the  Bermuda  Islands, 
in  June,  1873,  von  Willemoes-Suhm,  a  member  of  the  party,  col¬ 
lected  a  number  of  nemerteans  living  in  company  with  earthworms 
and  other  terrestrial  forms  on  the  shores  of  Hungry  Bay.  These 
nemerteans  he  described  under  the  name  of  Tetrastemma  agricola 
in  a  paper  published  in  the  Annals  and  magazine  of  natural  history, 
for  1874  (p.  409).  This  paper  contains  a  general  account  of  the 
anatomy  and  habits  of  the  worms,  although  a  number  of  anatomical 
peculiarities,  such  as  the  form  of  the  stylet  basis  and  position  of  the 
mouth  were  incorrectly  described.  The  specimens  were  lost  during 
the  voyage,  so  that  Hubrecht,  who  worked  up  the  Challenger  mate¬ 
rial,  was  unable  to  study  in  detail  the  anatomy  of  the  species. 

Apparently  no  further  specimens  were  collected  until  Prof.  A.  E. 
Verrill  and  party  visited  the  islands  in  1898  and  1901,  when  numer- 


1  Contributions  from  the  Bermuda  biological  station  for  research.  No.  4. 


532  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 


ous  individuals  were  obtained  in  the  original  locality,  but  of  much 
larger  size  than  those  found  by  the  Challenger  party.  These  worms 
occurred  not  only  near  the  shore  but  also  well  up  on  the  side  of  the 
hill  where  the  soil  was  comparatively  dry.  On  his  return  to  New 
Haven,  Professor  Verrill  very  kindly  brought  a  number  of  living 
specimens  to  the  writer  and  these  were  kept  for  some  weeks  in  the 
dry  earth  in  which  they  came  from  Bermuda,  a  few  drops  of  water 
being  added  from  time  to  time  to  prevent  complete  desiccation. 
These  specimens  were  subjected  to  rough  treatment  by  being  placed 
on  glass  slides  on  numerous  occasions  and  examined  under  the 
microscope.  They  perished  eventually,  evidently  from  lack  of  a 
supply  of  suitable  food. 

It  was  partly  with  a  view  to  further  investigations  on  the  anatomy 
and  development  of  this  form  that  the  writer  visited  the  Bermudas 
in  June  and  July,  1903.1 

At  this  time  an  abundance  of  material  was  obtained,  for  the  spe¬ 
cies  was  found  to  be  widely  distributed  on  the  islands,  occurring  on 
the  north  as  well  as  on  the  south  shore,  and  was  common  along  the 
borders  of  several  of  the  larger  mangrove  swamps.  At  this  season 
of  the  year  the  worms  were  found  to  be  sexually  mature,  their  bod¬ 
ies  being  crowded  either  with  ripe  eggs  and  spermatozoa  or  with 
embryos  in  all  stages  of  development,  for  the  species  proves  to  be 
viviparous,  giving  birth  to  young  worms  of  comparatively  large  size 
fully  provided  with  nearly  all  the  organs  of  the  parents  except  the 
reproductive  glands.  The  general  course  of  development  of  these 
embryos  could  be  followed  with  the  greatest  ease  by  making  serial 
sections  of  the  adult  worms  in  which  they  were  contained. 

Examination  of  the  sexual  glands  of  numerous  individuals  showed 
many  with  these  embryos  in  various  stages  of  development,  while 
others  were  provided  with  ova  only.  Still  other  specimens  of  small 
size  were  completely  filled  with  ripe  spermatozoa.  Moreover,  a 
number  of  individuals  —  the  largest  specimens  collected, —  had 
nearly  mature  embryos  and  in  addition  small  gonads  of  both  kinds 
of  sexual  products.  In  some  of  these  latter  the  spermatozoa  were 
fully  formed. 

The  species  has  therefore  a  peculiar  interest  because  of  the  fact 

1  The  writer  is  greatly  indebted  to  Prof.  E.  L.  Mark  and  Prof.  C.  L.  Bristol 
for  the  excellent  facilities  afforded  by  the  newly  established  Bermuda  biolog¬ 
ical  station  for  research. 
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that  it  is  both  hermaphroditic  and  viviparous  and  presents  such  a 
great  variety  of  conditions  in  regard  to  the  development  of  its 
sexual  products.  Willemoes-Sulim  in  his  original  account  of  the 
species  expresses  the  opinion  (’74,  p.  410)  that  it  is  viviparous, 
although  no  observations  were  made  in  support  of  this  view. 

Generic  and  Specific  Diagnoses. 

The  general  anatomy  of  the  species  does  not  differ  greatly  from 
that  of  other  Hoplonemertea  and  agrees  very  closely  with  the  account 
given  by  Bohmig  (’98)  for  Geo?iemertes  chalicophora ,  so  that  a  detailed 
discussion  of  its  anatomical  and  histological  structure  is  unnecessary ; 
yet  the  species  presents  interesting  peculiarities  in  regard  to  a  num¬ 
ber  of  points  of  internal  structure,  and  these  will  be  briefly  described. 
The  external  form,  color,  habits,  and  development  will  be  treated  at 
greater  length. 


Geonemertes  Semper. 

Zeit.  f.  wiss.  zool.,  vol.  13,  p.  559,  1863. 

The  genus  includes  all  known  terrestrial  nemerteans  and  may  be 
characterized  as  follows :  body  long  and  slender,  of  comparatively 
small  size,  usually  from  15  to  50  mm.  in  length,  occasionally  150 
mm.;  proboscis  pore  subterminal;  esophagus  opens  into  rhyncho- 
daeum  either  shortly  in  front  of  brain  (as  in  G.  agricola )  or  much 
nearer  the  tip  of  snout  (as  in  G.  chalicophora)  ;  proboscis  sheath 
extends  very  nearly  or  quite  to  posterior  end  of  body;  proboscis  large 
compared  with  size  of  worm,  with  well  developed  central  stylet  and 
basis  and  two  or  four  pouches  of  accessory  stylets,  with  normally 
more  than  10  nerves  in  all  forms  in  which  the  number  is  accurately 
known  ;  intestinal  caeca  usually  extend  forward  nearly  to  brain  ; 
intestinal  lobes  metameric  and  prominent ;  nephridia  in  at  least  two 
of  the  species  diffused,  extending  from  brain  region  far  back  into  the 
body  (in  one  species  to  posterior  end  of  body),  with  numerous 
efferent  ducts;  cephalic  glands  very  voluminous,  extending  poste¬ 
riorly  behind  brain  ;  cerebral  sense  organs  either  small,  and  situated 
anterior  to  brain,  or  larger,  and  extending  beneath  the  brain  lobes ; 
eyes  vary  in  number,  being  commonly  4,  in  some  species  6,  and  in 
others  numerous  ;  reproductive  organs  present  great  variations, 
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some  species  are  supposedly  of  separate  sexes,  others  are  certainly 
hermaphroditic,  and  at  least  one  is  viviparous. 

Terrestrial  nemerteans  are  found  in  a  great  variety  of  situations, 
some  species  living  near  or  on  the  seashore,  or  in  comparatively  dry 
inland  soil,  while  others  occur  beneath  stones  and  rotting  wood  or 
beneath  the  dead  bark  of  trees  in  damp  places  in  warm  countries, 
or  are  imported  into  greenhouses  in  other  lands.  As  a  rule  the 
worms  do  not  burrow,  but  lie  beneath  objects  for  protection.  They 
are  widely  distributed  in  tropical  and  subtropical  regions,  occurring 
principally  in  islands:  Australia,  New  Zealand,  Tasmania,  Pewlew 
(Palao)  Islands,  New  Guinea.  Rodriguez  Island,  Bermuda  Islands. 

Up  to  the  present  time  eight  species  of  terrestrial  nemerteans 
have  been  described,  all  of  which  apparently  belong  to  the  genus 
Geonemertes.  They  are  distributed  as  follows  :  — 

G.  palaensis  Semper.  Pewlew  Islands. 

G.  agricola  ( Willemoes-Suhm)  Burger.  Bermuda. 

G.  rodericana  (Gulliver)  Burger.  Rodriguez  Island. 

G.  chalicophora  Graff.  Introduced  into  greenhouse  at  Frankfurt, 
Germany  ;  probably  introduced  from  Australia. 

G.  australiensis  Dendy.  Australia. 

G.  novae-zealandiae  Dendy.  New  Zealand. 

G.  graffi  Burger.  New  Guinea. 

G.  micholitzi  Burger.  Samarai,  Queensland. 

The  more  important  specific  and  anatomical  peculiarities  of  these 
eight  species  may  be  represented  by  the  following  comparative  table 
of  anatomical  characters  :  — 
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Geonemertes  agricola  (Willemoes-Suhm). 

Tetrastemma  agricola  Willemoes-Suhm,  Ann.  mag.  nat.  hist.,  vol. 
13,  p.  409,  pi.  7,  fig.  1-3,  1874. 

Tetrastemma  agricola  Moseley,  Notes  by  a  naturalist  on  the  Chal¬ 
lenger,  pp.  26,  27.  London,  1879. 

Tetrastemma  agricola  Hubrecht,  Challenger  reports,  vol.  19,  p. 
23,  1887. 

JTeonemertes  agricola  Girard,  Ann.  sci.  nat.,  zool.,  ser.  7,  vol.  15, 
p.  238,  1893  ;  Joubin,  Les  nemertiens,  Fauna  Franyaise,  Paris,  1893. 

Geonemertes  agricola  Burger,  Fauna  und  flora  des  Golfes  von 
Neapel,  monogr.  22,  p.  557,  1895. 

Tetrastemma  agricola  Verrill,  Trans.  Connecticut  acad.  sci.,  vol. 
11,  p.  847,  1901-02. 

Body  slender,  flattened,  of  almost  uniform  width  throughout. 
Head  when  extended  somewhat  broader  than  body  although  not 
distinctly  demarcated,  widest  in  the  vicinity  of  the  ocelli  and  nar¬ 
rowing  gradually  toward  tip  of  snout.  After  preservation,  or  when 
contracted,  head  is  continuous  with  body  and  of  uniform  width, 
being  sharply  truncated  anteriorly  and  often  very  slightly  bilobed 
in  front.  Esophagus  opens  into  rhynchodaeum  immediately  in  front 
of  brain  and  the  latter  into  a  subterminal  atrium  which  is  not  sharply 
marked  off  from  rhynchodaeum.  On  each  side  of  atrial,  or  rhyncho- 
daeal,  opening  is  a  rather  conspicuous  horizontal  furrow  extending 
backward  for  some  distance  on  the  lateral  border  of  snout.  An 
indistinct  vertical  groove  passes  through  the  rhynchodaeal  opening  in 
preserved  specimens.  An  inconspicuous  V-shaped  marking  or  groove 
is  situated  symmetrically  on  dorsal  side  of  posterior  portion  of  head 
and  extends  antero-laterally  nearly  to  ventral  surface.  When  head 
is  well  extended  in  life  this  groove  lies  between  the  anterior  and 
posterior  pairs  of  ocelli,  but  after  preservation  or  when  head  is 
strongly  contracted  it  lies  immediately  posterior  to  ocelli. 

Esophageal  and  intestinal  regions  of  nearly  uniform  width  ;  in 
life  subcylindrical,  but  after  preservation  about  one  and  one  half 
times  as  wide  as  thick ;  tapering  gradually  to  narrow  posterior 
extremity  (pi.  23,  figs.  1,  2).  When  killed  in  formalin  posterior 
portion  of  body  usually  coils  dorsal ly  like  a  short  watch  spring 
while  the  anterior  half  of  body  remains  nearly  straight.  This  gives 
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specimens  preserved  in  formalin  a  very  characteristic  appearance. 
In  this  species  the  muscular  contractions  are  evidently  much 
stronger  in  the  dorsal  than  in  the  ventral  portion  of  the  body, 
whereas  in  many  nemerteans  which  coil  ventrally  when  killed, 
the  reverse  condition  apparently  exists.  It  seems  probable  that 
the  contraction  of  the  powerful  longitudinal  muscles  of  the  pro¬ 
boscis  sheath  is  largely  responsible  for  the  dorsal  coiling  in  Geone- 
mertes  and  also  in  the  species  of  Amphiporus  and  Drepanophorus 
which  exhibit  the  same  peculiarity. 

Size. —  Willemoes-Suhm  describes  the  specimens  which  he  obtained 
as  about  35  mm.  long  and  2  mm.  wide,  while  Verrill  (:01-:02,p.  847) 
found  individuals  measuring  150  mm.  in  length  when  fully  extended, 
but  of  very  slender  proportions.  A  hundred  or  more  individuals 
which  the  writer  examined  in  June  and  July,  1903,  were  only  from 
15  to  35  mm.  in  length,  although  some  of  them  had  their  bodies  dis¬ 
tended  with  mature  sexual  products  or  with  embryos  in  all  stages  of 
development.  Verrill ’s  larger  specimens  were  collected  in  the  month 
of  April  and  contained  nearly  mature  ova.  Although  the  species  is 
normally  hermaphroditic,  individuals  occur  which  contain  only  sper¬ 
matozoa,  and  these  individuals  are  all  of  small  size.  The  larger 
worms  may  contain  both  eggs  and  spermatozoa  (which  are  commonly 
formed  in  separate  gonads)  as  well  as  the  developing  embryos. 

As  stated  below,  it  seems  probable  that  the  majority  of  individuals 
become  sexually  mature  in  the  later  spring  months,  their  embryos 
developing  at  the  expense  of  the  tissues  of  the  parent  which,  after 
giving  birth  to  its  very  large  and  very  numerous  progeny,  again 
becomes  a  worm  of  much  smaller  size.  This  would  perhaps  account 
for  the  small  size  of  the  specimens  found  by  Willemoes-Suhm  in 
June  and  by  the  writer  in  midsummer.  Individuals  found  near 
high-water  mark  are  commonly  much  smaller  than  those  living 
farther  from  the  seashore.  Diameter  of  body  0.5  to  3  mm. 

Color. —  The  species  presents  a  great  range  of  variation  in  color. 
The  small  specimens  collected  by  Willemoes-Suhm  were  milk  white, 
while  the  much  larger  ones  taken  by  Verrill  (:01-:02,  p.  847)  were 
dusky  brown,  grayish  or  smoky  brown  dorsally,  with  the  ventral  sur¬ 
face  paler.  The  largest  specimens  collected  in  the  summer  of  1903 
were  greenish  brown,  olive  or  smoky  brown  dorsally,  with  a  slightly 
paler  median  dorsal  band  in  the  anterior  portion  of  the  body  ;  ven¬ 
tral  surface  very  pale  gray  or  whitish.  In  the  anterior  portion  of  the 
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body  the  brown  color  of  the  dorsal  surface  does  not  reach  the  lateral 
margins  of  the  body,  leaving  the  tip  of  snout  and  lateral  borders  of 
head  and  anterior  portion  of  esophageal  region  of  the  same  whitish 
color  as  that  on  ventral  surface. 

Other  specimens  are  orange  anteriorly  and  yellowish  in  intestinal 
region,  with  dark  reddish  brown  or  dark  gray  intestinal  canal  (pi.  23, 
fig.  2).  Still  others  are  rosy  flesh  color  with  a  tinge  of  gray  dorsally 
and  colorless,  or  whitish,  ventrally  (pi.  23,  fig.  1).  Other  individuals 
exhibit  various  shades  of  ochre  and  gray  from  the  deeper  tints  to 
very  pale  gray,  while  the  very  small  worms  are  usually  nearly  white, 
or  grayish  white,  or  almost  colorless. 

The  brain  is  rosy  or  orange  and  often  rather  conspicuous ;  the 
eggs  are  yellowish,  and  the  masses  of  spermatozoa  whitish,  affecting 
the  color  of  the  body  in  sexually  mature  individuals.  The  proboscis 
is  very  pale,  or  colorless,  with  a  whitish  or  yellowish  tinge. 

Most  of  the  larger,  more  deeply  colored  individuals  had  their 
bodies  filled  with  large  embryos  in  the  month  of  July.  Solid  masses 
of  secretion  scattered  in  the  integument  commonly  give  the  appear¬ 
ance  of  very  fine  whitish  dots  covering  the  body. 

Ocelli. —  The  two  ocelli  of  the  anterior  pair  are  nearer  together 
and  of  larger  size  than  those  of  the  posterior  pair,  and  of  more  regu¬ 
lar  outline.  The  two  of  each  side  are  commonly  nearer  together 
than  those  of  either  the  anterior  or  the  posterior  pairs.  In  section 
the  ocelli  are  found  to  be  situated  rather  deep  in  the  tissues  of  the 
head  (fig.  A,  p.  540).  Each  ocellus  is  provided  with  a  large  pigment 
cup,  sometimes  nearly  0.1  mm.  in  diameter,  which  faces  the  lateral 
aspect  of  the  head.  From  this  cup  a  conspicuous  nerve  leads  to  the 
dorsal  brain  lobe. 

General  Anatomical  Peculiarities. 

Proboscis. —  The  rhynchocoel  extends  nearly,  although  not  quite, 
to  the  posterior  end  of  the  body.  Proboscis  of  large  size,  when 
partially  extruded  commonly  equal  in  diameter  to  the  body  itself  ; 
attached  to  tissues  of  head  in  anterior  portion  of  brain  region. 
Esophagus  opens  into  rhynchodaeum  directly  in  front  of  brain. 

The  number  of  proboscidial  nerves  is  somewhat  variable,  the 
majority  of  individuals  having  13  ;  a  smaller  number  have  15,  while 
one  specimen  examined  had  14.  Another,  which  must  be  consid- 
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ered  as  somewhat  abnormal,  had  only  10  distinct  nerves  with 
possible  indications  of  4  others.  Muscular  and  epithelial  layers  of 
proboscis  as  in  related  forms. 

Willemoes-Suhm  describes  the  two  pouches  of  accessory  stylets, 
and  states  that  the  shape  of  the  basis  of  the  central  stylet  is  an 
indication  of  the  sex  of  the  individual  —  the  male  having  a  pear- 
shaped  basis  with  rounded  posterior  end,  while  the  corresponding 
portion  of  the  basis  in  the  female  is  abruptly  truncated  with  “  sharp¬ 
ened  angles.”  The  fact  that  the  animals  prove  to  be  hermaphroditic 
is  sufficient  evidence  that  the  angular  form  of  the  basis  in  the  sup¬ 
posed  female  individual  must  have  been  abnormal  or  compressed 
out  of  its  natural  shape. 

A  large  number  of  proboscides  examined  showed  invariably  two 
pouches  of  accessory  stylets,  with  from  three  to  six  or  more  slender 
stylets  in  each,  the  usual  number  being  five  or  six.  The  accessory 
stylets  when  mature  measure  from  0.08  to  0.095  mm.  in  length. 
The  head  of  each  stylet  is  usually  inconspicuously  divided  into  four 
or  sometimes  five  lobes  by  an  equal  number  of  very  slight  constric¬ 
tions  (pi.  23,  fig.  4) .  Similar  lobes  are  figured  by  Dendy  (’92)  for 
G.  austi'ciliensis.  A  further  peculiarity  of  the  stylet  is  the  pres¬ 
ence  of  a  very  minute  and  inconspicuous  triangular  or  wedge-shaped 
structure  of  a  clear  and  highly  refractive  nature  in  the  body  of  the 
stylet  at  the  point  of  union  of  body  and  head.  The  acute  angle  of 
this  wedge  usually  points  into  the  head  of  the  stylet,  and  thus  in  a 
direction  reverse  from  that  of  the  body  of  the  stylet  itself.  This 
wedge-shaped  structure  could  not  be  distinguished  in  all  cases, 
although  it  was  generally  present  in  both  central  and  lateral  stylets. 
A  similar  structure  which  occurs  in  the  stylet  of  G.  australiensis  is 
described  by  Dendy  (’92,  p.  98)  as  a  quadrangular  space  “frequently 
of  a  black  appearance,  owing  doubtless  to  the  presence  of  air 
within  it.” 

The  central  stylet  (pi.  23,  fig.  3)  is  perfectly  similar  in  size, 
shape,  and  structure  to  the  reserve  stylets.  It  is  of  about  the  same 
length  as  its  basis,  or  slightly  longer.  The  basis  is  pear-shaped 
with  rounded  posterior  margin,  and  perfectly  symmetrical  with 
respect  to  its  longitudinal  axis.  It  is  about  one  and  one  half  times 
as  long  as  its  greatest  width.  Several  bases  measured  from  0.075 
to  0.09  mm.  in  length  and  from  0.045  to  0.06  mm.  in  greatest  width. 

As  described  below,  the  stylet  apparatus,  including  both  the  cen- 
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tral  stylet  with  its  basis  and  the  two  pouches  of  accessory  stylets,  is 
formed  before  the  young  worm  leaves  the  body  of  its  parent.  In 
these  very  young  worms,  however,  the  structures  are  much  smaller 
than  in  the  fully  grown  individual,  the  basis  measuring  but  0.018  to 
0.025  mm.  in  length,  and  the  stylets  about  0.015  mm.  The  basis  is 
much  more  slender  than  in  the  adult,  being  only  0.004  to  0.005  mm. 
in  width,  and  is  but  little  larger  at  its  posterior  end  than  at  the 
point  of  attachment  of  the  stylet  (pi.  25,  figs.  21,  24,  25).  The 
comparative  diameter  of  the  basis  in  an  embryo  and  an  adult  worm 
is  shown  in  figure  D  (p.  564) .  There  seems  to  be  evidence  that  the 
central  stylet  is  originally  formed  in  its  definite  position  on  the  basis, 
and  that  it  does  not  come  from  an  accessory  stylet,  as  has  some¬ 
times  been  thought. 


Fig.  A. —  Transverse  section  through  anterior  portion  of  head,  showing  the  highly  spe¬ 
cialized  frontal  organ  ( o.sns .)  directly  above  the  rhynchodaeum  ( rhnd .);  gl.ce., 
cephalic  glands;  ocl.,  ocellus;  lac.sng.,  cephalic  blood  lacuna;  iteg.,  integument; 
mb.ba.,  basement  membrane;  mu.crc.,  circular  musculature  of  head;  of.  can.cil., 
opening  of  ciliated  canal  of  cerebral  sense  organ,  x  70. 

Correlated  with  the  great  size  of  the  proboscis  occurs  an  unusual 
development  of  the  muscular  walls  of  the  proboscis  sheath.  These 
walls  consist  of  an  outer  layer  of  longitudinal  muscles,  and  an 
inner  layer  of  circular  muscles,  although  both  circular  and  longitu¬ 
dinal  fibers  are  to  some  extent  interlaced  in  both  layers  (fig.  B,  p.  547). 
Body  walls  and  integument. —  The  integumental  glands  are  enor- 
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mously  developed  and  secrete  a  great  amount  of  very  tenacious 
mucus.  Besides  the  mucus,  the  integument  secretes  great  numbers 
of  rod-like  or  flask  like  masses  of  a  solid  or  semi-solid  consistency, 
which  give  a  finely  punctate  appearance  to  the  body  itself. 

The  muscular  system  presents  no  marked  peculiarities.  The  body 
parenchyma  is  rather  voluminous,  and  there  is  much  connective 
tissue  among  the  cephalic  glands  in  the  head  (fig.  A). 

Cephalic  glands. —  An  enormous  development  of  the  cephalic 
glands  seems  to  be  characteristic  of  all  terrestrial  nemerteans,  and 
Geonemertes  agricola  forms  no  exception  to  the  rule.  In  this  species 
the  cephalic  glands  occupy  a  great  portion  of  the  tissues  of  the 
head  in  front  of  the  brain  (fig.  A)  and  extend  far  back  into  the 
esophageal  region.  As  described  below,  they  become  very  con¬ 
spicuous  at  an  early  period  in  the  development  of  the  embryo.  In 
G.  palaensis  they  open  into  a  conspicuous  terminal  canal  or  frontal 
organ.  In  G.  agricola  and  in  G.  graffi,  according  to  Burger  (’96), 
this  frontal  organ  reaches  a  degree  of  development  beyond  that 
described  for  any  other  nemerteans,  consisting  of  a  conspicuous 
tube  situated  immediately  above  the  rhynchodaeum  and  extending 
from  the  tip  of  the  snout  back  nearly  to  the  brain.  It  is  lined 
throughout  with  large,  columnar  cells,  a  portion  of  which  are  ciliated 
and  sensory  in  nature,  as  described  by  von  Kennel  (’78)  for  G.  pal¬ 
aensis.  The  duct  serves  not  only  for  the  discharge  of  the  vol¬ 
uminous  secretions  from  the  cephalic  glands  but  also  as  a  sense 
organ,  and  is  thus  homologous  with  the  frontal  organ  of  the  Heter- 
onemertea.  The  frontal  organ  opens  through  the  dorsal  wall  of 
the  rhynchodaeal  opening  as  a  large  tube  having  a  diameter  nearly 
half  as  great  as  that  of  the  rhynchodaeum  itself.  The  lateral  walls 
of  this  tube  are  lined  with  slender  columnar  cells  covered  with  fine 
cilia.  The  cells  forming  the  dorsal  wall  of  the  tube,  however,  are 
much  larger  than  the  others,  and  are  filled  with  a  very  clear  cyto¬ 
plasm,  while  from  their  outer  surface  project  fine  strings  of  hard¬ 
ened  secretion  very  much  resembling  large  flagella.  Farther  back 
the  ventral  wall  of  the  tube  (fig.  A)  becomes  lined  with  similar 
secretory  cells,  leaving  only  a  narrow  line  of  ciliated  cells  on  the 
right  and  left  walls  of  the  tube.  Back  toward  the  brain  region  the 
tube  passes  into  an  almost  solid  mass  of  gland  cells  constituting  the 
body  of  the  cephalic  glands.  It  then  becomes  of  much  smaller  cali¬ 
ber  and  terminates  posteriorly  in  the  mass  of  cephalic  glands  imme¬ 
diately  in  front  of  the  dorsal  brain  commissure. 
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The  principal  function  of  this  large  tube  is  clearly  to  discharge 
the  secretions  from  the  cephalic  glands  in  which  it  terminates. 
These  secretions  evidently  pass  into  the  duct  by  being  forced  be¬ 
tween  the  cells  which  constitute  its  lining.  The  secretions  from 
those  cephalic  glands  which  are  situated  behind  the  posterior  end 
of  the  frontal  organ  must  be  passed  forward  through  temporary 
ducts  formed  between  the  gland  cells  until  the  tube  of  the  frontal 
organ  is  reached. 

Besides  the  true  cephalic  glands  there  occur  scattered  through  the 
tissues  of  the  head  numerous  other  gland  cells  which  are  conspicu¬ 
ous  because  of  their  granular  secretion,  which  commonly  stains  very 
differently  from  that  of  the  cephalic  glands.  These  gland  cells  lie 
mainly  near  the  surface  of  the  head  upon  which  they  discharge 
their  granular  secretion  through  the  overlying  muscular  and  base¬ 
ment  layers.  They  are  evidently  merely  specialized  integumentary 
glands  which  have  sunk  beneath  the  basement  membrane. 

Alimentary  canal. —  The  esophagus  (pi.  24,  fig.  13)  leaves  the 
rhynchodaeum  immediately  anterior  to  the  ventral  brain  commissure 
as  a  narrow  tube  which  passes  beneath  the  commissure.  Directly 
posterior  to  the  brain  it  merges  into  a  large  chamber,  the  stomach, 
with  highly  columnar,  ciliated  epithelium  and  convoluted  walls. 
This  conspicuous  stomach  was  thought  by  Willemoes-Suhm  (’74,  p. 
410)  to  be  the  mouth.  Behind  the  stomach  the  narrow  pylorus 
passes  backward  directly  beneath  the  proboscis  sheath  for  a  consid¬ 
erable  distance  before  opening  into  the  dorsal  wall  of  the  intestine. 
From  the  pyloric  opening  a  broad  intestinal  caecum  with  numerous 
lateral  diverticula  extends  forward  nearly  to  the  brain.  The  intes¬ 
tine  exhibits  conspicuous  metameric  pouches.  The  anus  opens  by  a 
small  pore  on  the  dorsal  side  of  the  posterior  extremity  of  the 
body. 

■Blood  vessels. —  The  blood  vascular  svstem  offers  few  deviations 

•/ 

from  that  of  most  related  species,  although  it  has  no  direct  connec¬ 
tion  with  the  nephridial  canals  such  as  Dendy  (’92)  describes  for  G. 
australiensis.  Bohmig  (’98,  p.  503)  describes  certain  large  cells 
found  in  or  beneath  the  basement  layer  of  the  blood  vessels  in 
Geonemertes  chalicophora  as  acting  in  the  nature  of  valves  to 
regulate  the  direction  of  the  flow  of  blood  in  the  vessels.  Similar 
cells  occur  in  G.  agricola ,  G.  australiensis,  and  in  numerous  other 
Hoplonemertea  of  various  genera,  although  such  an  interpretation 


COE:  TERRESTRIAL  NEMERTEAN  OF  BERMUDA. 


543 


of  their  function  is  not  wholly 
they  occur  with  equal  abundance  about  the  large  lateral  vessels 
which  are  probably  under  no  circumstances  completely  closed  at 
any  point,  so  that  their  action  as  valves  would  be  out  of  the  ques¬ 
tion.  Observations  on  the  circulation  of  the  blood  in  the  living 
worms  demonstrate  the  fact  that  the  blood  flows  backward  and 
forward  in  the  same  vessel  at  different  times,  the  course  of  the 
flow  apparently  depending  wholly  upon  the  state  of  muscular 
contractions  of  the  body  and  movements  of  its  different  portions. 
Moreover  the  substance  of  the  cell  becomes  deeply  colored  with 
the  same  reagents  that  stain  the  secretions  of  various  glands  in 
the  body.  It  therefore  seems  probable  that  they  are  simple  glan¬ 
dular  cells  whose  function  is  to  pour  their  secretions  into  the  blood 
vessels.  Dendy  ('92)  figures  these  cells  accurately,  but  probably 
falls  into  error  in  stating  that  the  smaller  vessels  along  which  they 
occur  are  nephridial  tubules  which  open  into  the  larger  blood 
vessels. 

The  dorso-median  vessel  does  not  enter  the  walls  of  the  proboscis 
sheath  at  any  part  of  its  course,  but  extends  from  the  ventral  brain 
commissure  to  the  posterior  end  of  the  body  directly  beneath  the 
proboscis  sheath.  In  the  intestinal  region  there  are  paired  meta- 
meric  anastomoses  with  the  lateral  vessels. 

ISTephridia. — Very  numerous  nephridial  canals  of  small  size  ramify 
through  the  tissues  of  the  head.  Back  of  the  brain  these  canals  unite 
into  one  or  more  branched  longitudinal  canals  which  extend  at  least 
as  far  back  as  the  posterior  end  of  the  esophageal  region.  In  Geo- 
nemertes  chalicophora,  Bolimig  (’98,  p.  512)  found  the  nephridial 
canals  throughout  the  whole  length  of  the  body,  and  it  is  possible 
that  this  ma}^  also  be  the  condition  in  the  species  at  hand.  If  so, 
the  canals  are  all  of  small  size  in  the  posterior  half  of  the  body,  and 
much  less  conspicuous  than  in  the  head  and  esophageal  region. 

In  the  anterior  half  of  the  body  the  nephridial  tubules  branch 
profusely  both  above  and  below  the  lateral  nerves,  the  finer 
branches  terminating  in  “  flame  cells  ”  situated  in  the  body  paren¬ 
chyma,  as  Burger  (’91)  has  so  fully  described  for  Drepanophorus 
and  other  Hoplonemertea. 

Dendy  (’92)  observed  these  flame  cells  in  G.  anstraliensis,  but 
apparently  overlooked  the  nephridial  canals  with  which  they  are 
connected,  and  was  unable  to  find  any  efferent  nephridial  ducts 


satisfactory.  It  should  be  noted  that 
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leading  to  the  exterior  of  the  body.  The  vessels  with  which  he 
thought  the  flame  cells  connected,  and  which  he  calls  the  nephridial 
tubules,  must  in  reality  have  been  blood  vessels,  for  they  have  the 
same  structure  as  the  latter,  with  the  same  deeply  staining  gland 
cells,  and  were  seen  to  open  directly  into  the  larger  blood  vessels. 
Dendy  was  thus  led  to  the  conclusion  that  the  nephridia  open 
directly  into  the  blood  vessels,  a  conclusion  which  has  been  pre¬ 
viously  reached  for  a  number  of  nemerteans,  but  one  which  has 
been  found  incorrect  where  detailed  microscopic  study  of  well  pre¬ 
served  material  has  been  possible. 

In  the  anterior  half  of  the  esophageal  region  are  a  considerable 
number  of  very  small  efferent  ducts,  most  of  which  pass  beneath 
the  lateral  nerves  to  open  on  the  ventro-lateral  surfaces  of  the  body. 
The  actual  number  probably  varies  in  different  individuals,  but  in 
the  specimens  examined  there  were  apparently  at  least  fifteen  on 
each  side,  although  some  of  the  ducts  were  so  small  as  to  be  dis¬ 
tinguished  with  difficulty. 

Nervous  system  and  sense  organs.  —  The  brain  and  lateral  nerves 
present  no  marked  deviations  from  the  type  characteristic  of  the 
Hoplonemertea. 

The  cerebral  sense  organs  are  remarkably  small,  measuring  in  a 
worm  of  moderate  size  only  0.12  mm.  in  diameter,  and  therefore  in 
transverse  section  but  slightly  larger  than  one  of  the  ocelli.  In  spite 
of  their  small  size,  however,  the  cerebral  sense  organs  exhibit  the 
usual  relations  of  ciliated  canal,  sensory  portion,  and  glandular  por¬ 
tion.  They  are  situated  in  the  ventral  half  of  the  head  slightly 
anterior  to  the  ventral  ganglia.  From  the  sensory  portion  of  the 
sense  organ  the  ciliated  canal  passes  forward  to  open  on  the  ventro¬ 
lateral  surface  of  the  head  (fig.  A),  as  in  related  species,  while  a 
slender,  much  coiled,  glandular  tube  extends  posteriorly  as  far  as 
the  anterior  end  of  the  ventral  brain  lobe. 

Especially  remarkable  is  the  presence  of  a  pair  of  horizontal 
grooves  leading  from  the  proboscis  pore  back  for  soijie  distance  on 
the  lateral  margins  of  the  head.  These  grooves  occur  in  all  indi¬ 
viduals  after  preservation  and  are  conspicuous  in  transverse  sections 
through  the  snout.  They  are  lined  with  long  columnar  ciliated  cells, 
and  are  evidently  to  be  reckoned  among  the  special  sensory  organs 
of  the  body,  being  strikingly  similar  to  the  horizontal  cephalic  fur¬ 
rows  of  the  Heteronemertea.  The  external  openings  of  the  ciliated 
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canals  from  the  cerebral  sense  organs  lie  somewhat  ventral  to  the 
posterior  ends  of  these  grooves,  and  in  nearly  the  same  transverse 
section.  They  have,  however,  no  connection  with  the  grooves  and 
in  this  respect  differ  widely  from  those  of  the  Heteronemertea. 

The  frontal  organ,  in  this  form  so  remarkably  developed  as  an 
outlet  for  the  secretions  of  the  cephalic  glands,  is  also  almost  cer¬ 
tainly  to  be  placed  among  the  sense  organs.  This  frontal  organ  is 
described  above  in  the  discussion  of  the  cephalic  glands  and  is 
represented  in  figure  A. 

Reproductive  Organs. 

As  has  been  mentioned  above,  great  variation  exists  in  the  state 
of  development  of  the  sexual  products  in  different  individuals  col¬ 
lected  in  the  same  locality  and  at  the  same  season  of  the  year.  In 
June  and  July,  1903,  the  majority  of  the  larger  individuals  contained 
embryos  in  a  well  advanced  stage  of  development.  Somewhat 
smaller  specimens  contained  ova  of  various  sizes,  but  were  without 
spermaries  or  embryos,  and  must  consequently  be  considered  as 
representing  the  female  phase  of  sexuality,  or  as  females  for  the 
time  being.  Those  ovaries  which  had  nearly  mature  eggs  were 
provided  with  distinct  ducts  leading  to  the  exterior  of  the  body. 
Such  ducts  are  wanting,  however,  in  the  worms  containing  embryos. 

It  is  therefore  reasonable  to  assume  that  an  efferent  duct  is  formed 
at  the  time  of  maturity  of  the  ova  in  each  ovary  and  that  this  duct, 
after  allowing  entrance  for  spermatozoa  which  fertilize  one  or  more 
of  the  contained  ova,  is  obliterated  by  a  closing  together  of  the  body 
walls.  The  eggs  thus  fertilized  then  develop  into  embryos  which, 
on  completing  their  development  into  young  worms,  rupture  the  body 
walls  and  make  their  escape  from  the  body  of  the  parent. 

Specimens  collected  by  Professor  Verrill  in  April,  1901,  contained 
immature  ova  only,  although  the  ovaries  already  had  ducts  leading 
into  the  muscular  layers  of  the  body  and  in  some  instances  quite 
through  to  the  exterior. 

It  is  a  remarkable  fact  that  in  midsummer  many  of  the  larger 
worms  which  were  filled  to  the  point  of  rupture  with  very  large 
embryos  contained  in  addition  both  ovaries  and  spermaries  of 
small  size.  It  is  still  more  remarkable  that  although  the  eggs  in 
such  individuals  were  always  very  immature,  yet  the  spermaries 
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contained  mature  and  active  spermatozoa.  In  these  cases  the  sper- 
maries  contain  but  a  small  number  of  sperm  mother  cells,  sperma¬ 
tocytes,  and  spermatozoa,  and  are  not  more  than  one  third  or  one 
fourth  as  large  as  the  diameter  of  one  of  the  embryos  in  the  body 
(pi.  23,  fig.  6),  and  yet  they  are  actively  engaged  in  the  formation 
of  spermatozoa. 

Finally,  we  meet  with  worms  of  much  smaller  size  than  either  the 
females  or  the  hermaphrodites  with  embryos  and  these  are  filled  to 
the  point  of  rupture  with  distended  spermaries.  These  smaller  indi¬ 
viduals  must  therefore  be  looked  upon  as  representing  the  purely 
male  condition.  In  these  forms  no  trace  of  eggs  or  embryos  can  be 
observed. 

The  small  males  are  much  less  numerous  than  individuals  with 
eggs  or  embryos,  and  in  this  respect  the  species  agrees  with  G. 
australiensis.  Indeed,  in  several  species  of  the  genus,  as  in  G. 
chalicophora  (according  to  Bohmig,  ’98),  G.  graffi ,  and  G.  novae- 
zealandiae ,  the  males  are  as  yet  unknown,  individuals  supposed  to 
be  females  being  the  only  known  representatives  of  the  species. 

The  reproductive  organs  are  further  complicated  by  the  presence 
of  undifferentiated  sexual  glands,  which  occur  in  some  individuals 
in  addition  to  the  gonads  which  form  ova  only  or  spermatozoa  only. 
These  undifferentiated  glands  form  both  kinds  of  reproductive  ele¬ 
ments  in  a  manner  similar  to  that  which  has  been  described  by 
Montgomery  (’95)  for  Stichostemma.  As  shown  in  figure  7  (pi.  23) 
such  indifferent  gonads  apparently  form  and  discharge  their  sperma¬ 
tozoa  first  and  develop  their  ova  afterward.  These  gonads  are 
therefore  protandric,  and  it  is  very  likely  that  individual  worms 
occur  in  which  this  is  the  case  with  all  the  gonads  of  the  body. 

After  the  discharge  of  the  spermatozoa  the  ova  in  the  same  gonads 
complete  their  development  and  the  individual  might  then  be  looked 
upon  as  purely  female.  This  is  likewise  the  case  in  Stichostemma 
eilhardi ,  as  described  by  Montgomery  (’95). 

Ovogenesis. — In  the  development  of  the  ovaries  the  young  sexual 
gland  is  composed  of  a  considerable  number  of  cells,  all  of  which 
seem  to  be  of  the  same  size  and  appearance.  At  a  somewhat  later 
stage  three  or  four  of  these  cells  are  decidedly  larger  than  the  others, 
and  of  these  larger  cells  either  one  or  two  considerably  surpass  the 
others  in  size.  Finally  a  single  cell  becomes  distinguished  from  the 
others  by  its  larger  size  and  content  of  yolk  spheres,  and  this  becomes 
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the  only  ovum  to  arrive  at  maturity,  except  in  the  comparatively 
few  cases  in  which  the  gonad  matures  two  ova. 

Previous  to  the  maturity  of  the  ova,  a  distinct  duct  is  formed 
which  leads  from  the  ovary  to  the  exterior  of  the  body.  This  duct 
usually  opens  above  the  lateral  nerves,  and  through  it  spermatozoa 
from  another  individual  gain  access  to  the  contained  ovum.  The 
duct  then  closes  up  and  the  developing  embryo  is  isolated  from  the 
outer  world. 

If  two  ova  be  present,  it  sometimes  happens  that  only  one  is 
sufficiently  mature  to  be  fertilized,  so  that  such  gonads  later  contain 
in  addition  to  the  single  embryo  an  ovum  which  is  unable  to  develop 
because  the  closing  of  the  duct  leading  from  the  exterior  of  the  body 
to  the  ovary  has  prevented  the  entrance  of  other  spermatozoa  at 
the  proper  season.  Such 
an  ovum  eventually  de¬ 
generates,  and  its  sub¬ 
stance  is  absorbed  bv  the 
other  tissues,  although  it 
may  remain  until  the  em¬ 
bryo  developing  from  its 
sister  cell  has  become  near¬ 
ly  mature. 

The  details  of  the  de¬ 
velopmental  processescon- 
cerned  in  the  formation  of 
the  mature  ovum  agree  in 
most  respects  with  the  ac¬ 
counts  given  by  Mont¬ 
gomery  ('95)  and  Bohmig 
(’98)  for  Stichostemma. 

The  youngest  gonads 
occur  as  small  clusters  of 
oval  cells  situated  in  a 
longitudinal  row  in  the 
body  parenchyma  imme¬ 
diately  above  the  lateral  nerve  on  each  side  of  the  body.  As  a  rule 
about  two  gonads  are  situated  between  each  pair  of  intestinal  lobes 
(fig.  B),  although  by  their  further  growth  and  enlargement  adjacent 
gonads  grow  past  each  other  so  that  when  mature  a  transverse 


Fig.  B. —  Portion  of  longitudinal  section  of  body  of 
a  worm  with  nearly  mature  ova,  showing  the 
relations  of  the  genital  pouches,  each  of  which 
contains  a  single  ovum  ( ov .)  surrounded  by  a 
thin  follicular  epithelium  ( fol .),  and  the  less 
numerous  intestinal  caeca  ( cae .  in.) ;  mu.vg.prb. , 
muscular  layers  of  proboscis  sheath ;  tis.co'nt., 
connective  tissue  of  body  parenchyma,  x  55. 
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section  of  the  body  may  cut  through  two  or  more  of  these  sexual 
glands. 

In  the  young  gonad  all  of  the  cells  seem  to  be  exactly  alike  in 
size  and  general  appearance,  but  they  soon  exhibit  variations  both  in 
size  and  in  structure,  so  that  three  types  of  cells  are  recognizable 
(pi.  23,  figs.  7,  8),  young  ova,  yolk  cells,  and  follicular  cells. 

The  follicular  cells  are  flattened  and  form  a  thin  layer  within  the 
wall  of  the  gonad,  constituting  an  investment  for  the  egg  when 
nearly  mature ;  they  also  furnish  the  cells  which  form  the  duct 
through  which  the  sexual  gland  is  connected  with  the  exterior  of 
the  body.  The  follicular  cells  at  the  side  of  the  gonad  nearest 
the  body  wall  become  somewhat  spheroidal  in  form  and  collected 
into  a  small  cluster.  They  then  grow  outward  into  the  overlying 
muscular  layers  of  the  body  wall  to  form  a  sharply  pointed  duct> 
lined  with  flattened  cells,  which  projects  outward  as  far  as  the  base¬ 
ment  layer  of  the  integument  (as  shown  for  the  spermary,  pi.  25, 
fig.  26) .  The  duct  is  formed  to  this  extent  at  a  very  early  period 
in  the  development  of  the  ova,  and  remains  in  this  condition  until 
the  single  ovum  developing  in  the  gonad  becomes  well  advanced 
toward  maturity,  when  it  completes  its  growth  to  the  exterior, 
opening  in  all  cases  dorsal  to  the  lateral  nerve. 

The  yolk  cells  (ovr.)  are  apparently  merely  egg  cells  which  for 
some  reason  become  aborted  at  an  early  period.  They  are  rather 
numerous  in  each  young  ovary,  and  grow  to  a  size  several  times  that 
of  the  largest  follicular  cells.  They  become  crowded  with  yolk 
granules  and  pressed  closely  against  the  wall  of  the  developing 
ovum.  To  all  appearances  the  cell  membranes  separating  ovum  and 
yolk  cells  break  down  and  the  latter  are  absorbed  directly  into  the 
substance  of  the  developing  ovum.  The  wdiole  substance — cyto¬ 
plasm,  yolk,  and  nucleus  —  of  the  yolk  cell  seems  to  be  thus 
absorbed  by  the  ovum. 

There  may  be  several  large  cells  in  the  young  ovary  which  are 
distinguished  by  a  more  homogeneous  cytoplasm  from  the  yolk  cells 
with  which  they  are  surrounded.  These  cells  increase  rapidly  in 
size  and  are  recognizable  as  young  ova.  Eventually,  however,  all 
save  one,  or  rarely  two,  of  these  ova  cease  their  growth  and  become 
disintegrated  to  furnish  food  materials  for  the  surviving  cell.  The 
mature  ovary  therefore  usually  contains  but  a  single  large  ovum 
(pi.  23,  fig.  8) . 
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This  ovum  is  surrounded  by  the  flattened  follicular  epithelium  of 
the  gonad  to  which  it  remains  attached  for  some  time  at  its  broader 
end.  It  then  breaks  off  and  lies  free  in  the  ovary,  which  has  pre¬ 
viously  formed  its  duct  to  the  exterior.  The  entrance  of  a  sperm 
cell  from  another  individual  into  the  ovary  fertilizes  this  egg  cell, 
which  then  develops  into  an  embryo,  while  the  duct  to  the  exterior 
of  the  body  closes  up,  as  described  above. 

The  mature  eggs  measure  about  0.35  to  0.45  mm.  in  diameter. 
Compared  with  the  diameter  of  the  body  of  the  worm  they  are 
extremely  large,  being  in  many  instances  from  one  third  to  one  half 
as  great  as  the  width  of  the  body.  Consequently  they  are  arranged 
in  a  single  row  on  each  side.  In  the  stained  sections  of  the  body 
they  are  conspicuous  even  to  the  unaided  eye.  They  have  a  pale 
yellow  color  in  life.  Each  egg  is  surrounded  with  a  delicate  mem¬ 
brane  of  follicular  cells  and  crowded  with  spherical  yolk  granules  of 
various  sizes,  some  of  which  are  as  much  as  0.013  mm.  in  diameter. 

In  G.  australiensis  the  eggs  are  nearly  one  third  as  large  as  the 
diameter  of  the  body  of  the  worm,  and  do  not  all  mature  at  the  same 
time.  They  are  fertilized  within  the  body  as  in  G.  agricola ,  but 
are  deposited  before  cleavage.  The  spermatozoa  may  remain  alive 
for  some  time  after  their  entrance  into  the  ovary  and  may  fertilize 
an  ovum  which  matures  some  days,  or  perhaps  weeks,  later.  In  this 
way  clusters  of  fertilized  eggs  may  be  deposited  at  intervals  of  a 
week  or  more.  It  seems  probable  that  in  G.  agricola  a  portion  of 
•the  eggs  may  likewise  mature  before  the  others,  for  both  eggs  and 
embryos  in  the  body  exhibit  considerable  variation  in  size. 

Spermatogenesis. —  In  the  sexual  glands  which  are  to  form  both 
ova  and  spermatozoa  the  latter  develop  out  of  the  undifferentiated 
germinal  cells  which  make  up  the  substance  of  the  ovo-testis.  As 
stated  above,  the  spermatozoa  usually  mature  and  are  discharged 
before  the  maturity  of  the  ova  in  the  same  gonad.  The  course  of 
development  of  the  spermatozoa  is  apparently  the  same  whether  they 
are  formed  in  an  ovo-testis  or  in  special  gonads  which  develop 
spermatozoa  only. 

In  the  young  spermary  comparatively  large  cells  only  are  present. 
These  divide  many  times  to  form  the  last  generation  of  sperma¬ 
togonia,  which  by  two  divisions  give  rise  to  the  spermatids. 

In  spermaries  which  are  approaching  maturity,  as  shown  in  figure 
26  (pi.  25) ,  it  is  easy  to  distinguish  three  kinds  of  cells  in  addition 
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to  ripe  spermatozoa  and  the  follicular  cells.  These  are  the  sperma¬ 
togonia,  the  spermatocytes,  and  the  spermatids.  Each  kind  of  cell 
is  collected  into  clusters  in  different  portions  of  the  gonad  (pi.  23, 
fig.  9;  pi.  25,  fig.  26). 

The  last  generation  of  spermatogonia  (sp’yo.),  or  primary  sperma¬ 
tocytes,  is  distinguished  by  having  large,  oval  nuclei  and  compara¬ 
tively  little  cytoplasm.  The  nuclei  have  a  very  distinct  network 
of  chromatin,  although  the  actual  number  of  chromosomes  in  the 
dividing*  cell  has  not  been  determined. 

O 

The  secondary  spermatocytes  (sp'go' .)  have  very  sharp  nuclei  and 
distinct  cell  membranes,  and  are  naturally  considerably  smaller  than 
the  cells  from  which  they  arise.  They  divide  to  form  the  sper¬ 
matids,  which  are  distinguished  by  their  small  size  and  the  eccentric 
position  of  the  nuclei.  Each  spermatid  is  doubtless  transformed 
into  a  spermatozoon,  although  the  details  of  the  process  have  not 
been  observed. 

The  follicle  cells  (foil.)  form  the  lining  to  the  spermary  (pi.  25, 
fig.  26)  and  the  duct  by  which  the  mature  spermatozoa  are  dis¬ 
charged.  They  are  perfectly  similar  to  those  of  the  ovaries, 
which  have  been  described  above.  The  duct  leading  from  the 
spermary  to  the  surface  of  the  body  is  formed  as  far  as  the  base¬ 
ment  layer  of  the  integument  at  an  early  period,  but  does  not 
penetrate  to  the  surface  of  the  integument  until  most  of  the 
spermatogonia  have  divided  up  into  spermatocytes  and  these  have 
been  transformed  into  spermatozoa. 

In  the  case  of  the  small  spermaries  which  develop  at  the  time 
when  the  body  of  the  worm  is  crowded  with  developing  embryos  it 
seems  doubtful  whether  in  many  instances  the  spermatozoa  are  dis¬ 
charged  at  all.  They  develop  at  a  time  when  the  tissues  of  the 
body  are  taxed  to  their  utmost  to  furnish  nourishment  for  the 
embryos.  Furthermore  it  is  uncertain  whether  they  could  be  of  use 
if  they  were  discharged  after  the  birth  of  the  embryos,  for  it  is  not 
known  whether  any  ova  mature  so  late  in  the  season.  On  the  other 
hand  the  possibility  remains  that  after  the  discharge  of  the  mature 
embryos  the  body  of  the  worm  decreases  very  greatly  in  size,  and 
that  in  this  much  smaller  body  the  spermaries  continue  their  devel¬ 
opment  to  such  an  extent  as  to  again  distend  the  body  with  sexual 
products,  but  this  time  with  spermatozoa.  This  would,  perhaps, 
account  for  the  appearance  of  the  pure  males  of  small  size  at  the 
same  time  that  other  individuals  are  carrying  embryos. 
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In  order  to  account  for  the  great  diversity  of  conditions  occurring 
in  the  sexual  phases  observed,  it  seems  necessary  to  assume :  the 
appearance  of  (1)  large  females,  and  perhaps  smaller  males,  in  the 
earlier  part  of  the  reproductive  season ;  (2)  hermaphroditic  forms, 
appearing  somewhat  later,  some  of  which  first  discharge  their 
spermatozoa  and  subsequently  develop  the  ova  which  give  rise  to 
embryos  within  the  body ;  (3)  hermaphroditic  forms  which  mature 
eggs  and  embryos  before  the  discharge  of  the  spermatozoa,  then  in 
part  become  transformed  into  (4)  small  males  with  large  spermaries, 
and  in  part  form  (5)  separate  gonads,  some  of  which  contain  sperma¬ 
tozoa  that  mature  the  same  season,  others  ova  that  remain  undevel¬ 
oped  until  the  following  year,  the  individual  then  being  again  recog¬ 
nized  as  (1)  a  female  form.  Careful  study  of  the  worms  throughout 
all  seasons  of  the  year  is  needed  to  determine  with  certainty  the 
exact  significance  of  all  the  sexual  conditions  observed. 

Reproduction. 

As  has  been  stated  above,  the  species  is  hermaphroditic  and  vivip¬ 
arous,  the  young  worms  at  the  time  of  birth  being  of  large  size 
and  provided  with  practically  all  the  organs  of  the  adult  except  the 
sexual  glands. 

But  few  other  species  of  nemerteans  are  as  yet  known  to  be 
viviparous,  and  most  of  these  probably  belong  to  the  genus  Proso- 
rhochmus  Keferstein,  although  several  of  them  have  been  placed  in 
other  genera,  and  two  of  them,  which  have  not  been  fully  studied, 
belong  to  the  Heteronemertea. 

The  distribution  of  the  known  viviparous  forms  is  as  follows  : — 

Prosorhoclimus  claparedi  Keferstein.  Mediterranean  Sea,  north¬ 
ern  coast  of  France  and  England,  and  possibly  the  Black  Sea. 

Prosorhoclimus  korotoneffi  Burger.  Mediterranean  Sea. 

Borlasia  vivipara  Uljanin  =  Monopora  vivipara  Salensky. 
Black  Sea.  Probably  belongs  to  Prosorhoclimus. 

Borlasia  maslovskyi  Czerniavsky.  Black  Sea. 

Tetrastemma  ohscurum  Max  Schulze.  Baltic  Sea. 

Tetrastemma  lacustre  Du  Plessis  =  Stichostemma  lacustre.  Lake 
of  Geneva. 

TAneus  viviparus  Isler.  Juan  Fernandez.  According  to  the 
collector,  Dr.  Plate,  the  young  are  born  alive. 
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Lineus  bilineatus  McIntosh.  Northern  coasts  of  Europe,  Medi¬ 
terranean,  Madeira.  Chaupius  (’86)  describes  a  specimen  which 
contained  embryos,  although  other  observations  indicate  that  the 
species  usually  deposits  its  eggs. 

Besides  these  forms,  which  are  supposed  to  be  strictly  vivip¬ 
arous,  several  other  species  may  have  the  eggs  fertilized  while 
within  the  body  of  the  parent.  This  is  the  case  in  Carcinonemertes, 
in  certain  species  of  the  fresh-water  Stichostemma,  and  in  Geone- 
mertes  aus traliensis. 

In  Carcinonemertes  and  some  species  of  Stichostemma  the  egg 
may  proceed  in  its  development  as  far  as  the  early  stages  of  cleavage 
before  being  deposited.  Indeed,  in  Carcinonemertes  carcinophila , 
although  most  of  the  eggs  of  an  individual  are  deposited  immedi¬ 
ately  after  fertilization  and  before  cleavage,  yet  a  small  proportion 
of  them  may  be  retained  in  the  body  until  the  later  stages  of 
cleavage  or  even  until  the  formation  of  free-swimming  embryos 
(Coje,  :  02).  In  these  forms,  then,  we  find  a  striking  intergradation 
between  the  strictly  oviparous  species  and  the  few  forms  which  are 
known  to  be  regularly  viviparous. 

It  seems  conceivable,  therefore,  that  Geonemertes  agricola ,  which 
may  be  considered  as  normally  viviparous,  may  under  certain  circum¬ 
stances  actually  discharge  its  eggs  while  they  are  still  in  the  early 
stages  of  development  or  even  before  cleavage,  and  that  such  eggs, 
deposited  either  in  damp  earth  or  in  sea  water,  are  fully  capable  of 
complete  development. 

Copulation. —  In  a  normally  viviparous  animal  in  which  the  eggs 
do  not  develop  parthenogenetically,  some  form  of  copulation  is  to  be 
supposed.  Nevertheless,  Child  (:  01,  p.  998)  finds  in  Stichostemma 
that  both  kinds  of  sexual  products  mature  in  the  same  gonad  at  the 
same  time  and  are  discharged  together ;  hence  he  believes  that  self 
fertilization  usually  occurs.  Among  the  viviparous  nemerteans  sev¬ 
eral  species  have  been  observed  in  the  act  of  pairing,  an  act  which 
from  the  nature  of  the  worm,  with  its  hundreds  of  pairs  of  sexual 
openings  along  the  sides  of  the  body,  must  of  necessity  be  a  very 
simple  process. 

In  Carcinonemertes  a  number  of  writers  have  observed  the  male 
and  female  worms  to  place  their  bodies  side  by  side,  either  in  an 
outstretched  condition  or  somewhat  folded,  and  then  to  secrete  a 
large  amount  of  mucus  which  encloses  the  bodies  of  both  worms  in 
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a  common  mass  of  secretion.  The  eggs  are  then  deposited  from 
both  sides  of  the  body  of  the  female  and  are  fertilized  by  the  sperm 
discharged  simultaneously  by  the  male.  Sometimes  several  of  each 
sex,  sometimes  a  single  male  and  two  or  more  females,  or,  more 
often,  a  single  male  and  a  single  female  participate  in  this  act.  If 
it  happen  that  a  portion  of  the  eggs  in  any  of  the  ovaries  are 
retained  within  the  body  of  the  female,  such  eggs  are  fertilized  by 
spermatozoa  which  enter  the  openings  into  the  ovaries. 

In  Stichostemma  the  process  is  very  similar,  although  the  eggs 
are  often  retained  in  the  body  of  the  female  for  some  time  after 
fertilization,  and  may  be  deposited  when  no  male  is  in  the  vicinity. 
Several  species  of  the  genus  are  hermaphroditic  and  protandric 
(Montgomery,  ’95;  Child,  :01),  and  in  some  cases  it  is  possible, 
or  even  probable,  that  self  fertilization  may  occur  (Child,  :  01) . 
Du  Plessis  (’93)  finds  that  in  S.  lacustre  the  males  are  smaller  and 
much  less  numerous  than  the  females,  so  that  a  single  male  may 
fertilize  the  eggs  of  several  females.  This  is  also  the  case  in  Geo- 
nemertes  australiensis  (Dendy,  ’93)  and  in  the  purely  male  form  of 
G.  agricola. 

In  Geonemertes  australiensis ,  Dendy  describes  the  male  as  lying 
upon  the  back  of  the  female  while  discharging  his  spermatozoa, 
which  then  enter  the  ovaries  of  the  female  through  the  preformed 
oviducts  and  fertilize  the  mature  ova  contained  therein.  The 
spermatozoa  have  been  seen  in  ovaries  containing  mature  ova.  In 
this  species  only  a  portion  of  the  ova  mature  at  one  time,  so  that 
several  clusters  of  eggs  may  be  laid  at  intervals  of  a  number  of 
days.  These  are  imbedded  in  an  elongated  mass  of  transparent 
jelly  and  deposited  beneath  damp  moss,  or  under  bark  or  stones. 
Although  the  eggs  are  very  large,  measuring  0.6  mm.  in  diameter, 
yet  the  process  of  their  deposition  does  not  cause  serious  rupture  in 
the  body  walls  of  the  mother. 

Geonemertes  agricola  is  often  found  with  two  or  more  individuals 
in  contact,  and  when  several  specimens  are  kept  in  the  same  jar  the 
bodies  of  all  are  sometimes  stretched  out  side  by  side  or  somewhat 
folded,  but  in  close  contact.  In  this  position  the  spermatozoa  could 
readily  pass  from  the  body  of  one  individual  to  that  of  another 
containing  mature  ova. 

Other  species  of  nemerteans  have  often  been  observed,  particu¬ 
larly  in  the  breeding  season,  to  collect  in  clusters.  The  writer  has 
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described  a  case  (:  01,  p.  74)  in  which  about  50  sexually  mature 
individuals  of  Micrura  alaskensis ,  some  of  which  were  300  mm.  in 
length,  were  coiled  and  twisted  together  in  a  single  mass.  This 
exaggerated  gregarious  instinct  is  doubtless  associated  with  the 
reproductive  processes. 

That  the  deposition  of  genital  products  by  one  sex  often  excites 
the  other  sex  to  a  corresponding  act  is  attested  by  the  observations 
of  C.  B.  Wilson  (:  00,  p.  128),  who  noticed  that  when  several  sexually 
mature  worms  of  both  sexes  are  placed  together  in  an  aquarium  the 
deposition  of  ova  by  one  individual  is  often  accompanied  by  the 
discharge  of  spermatozoa  by  another,  even  though  the  burrows  of 
the  two  worms  may  be  separated  by  a  considerable  space.  These 
observations  certainly  indicate,  as  Wilson  asserts,  the  existence  of 
some  sort  of  delicate  sexual  sense  among  the  nemerteans. 

Development. 

So  far  as  is  at  present  known  the  eggs  and  spermatozoa  mature 
in  the  late  spring  and  early  summer,  the  fully  developed  young 
worms  being  discharged  from  the  body  in  midsummer.  The  period 
of  sexual  maturity,  however,  as  stated  above,  may  possibly  continue 
later  in  the  year,  although  no  observations  have  been  made  in  the 
fall  months.  The  exact  time  required  for  the  completion  of  the 
developmental  processes  has  not  been  determined  because  there  is 
considerable  variation  in  the  time  at  which  the  eggs  reach  maturity 
in  different  individuals.  There  is  little  doubt,  however,  that  a 
period  of  several  weeks  elapses  between  the  time  of  fertilization  of 
the  eggs  and  the  appearance  of  the  young  worms  outside  the  body 
of  the  parent.  In  Geonemertes  ctustrciliensis ,  the  eggs  of  which  are 
deposited  immediately  after  fertilization,  a  period  of  several  weeks 
is  required  to  complete  the  development  of  the  embryo.  On  the 
26th  day  after  the  ova  had  been  deposited,  Dendy  (’93,  p.  130) 
found  a  portion  of  the  embryos  nearly  ready  to  crawl  about, 
although  others  were  as  yet  within  the  egg  membranes.  At  least  a 
month  seems  to  be  required  for  the  development  from  the  time  of 
fertilization  to  the  arrival  at  the  elongated,  worm-like  form  provided 
with  ocelli. 

The  details  of  the  process  of  fertilization  have  not  been  observed, 
nor  has  the  cleavage  of  the  egg  been  followed  through  all  its 
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stages.  The  development  of  the  principal  organs  of  the  body  of 
the  embryo,  however,  can  be  followed  in  this  species  as  in  few 
other  Hoplonemertea. 

The  body  of  the  young  worm  proceeds  directly  from  the  ferti¬ 
lized  egg  without  any  distinct  metamorphosis,  although  it  is  not 
quite  certain  that  the  ciliated  covering  of  the  young  embryo  is  actu¬ 
ally  converted  into  the  ciliated  integument  of  the  adult  worm.  The 
possibility  remains  that  the  very  thin  and  inconspicuous  larval  cov¬ 
ering  is  sloughed  off.  either  bodily  or  as  individual  cells,  during  the 


Fig.  C. —  Transverse  section  of  body  of  worm  with  nearly  mature  embryos,  showing  the 
large  size  of  the  4  embryos  cut  in  the  section,  and  their  consequent  encroachment  on 
the  tissues  of  the  parent.  They  are  closely  crowded  in  the  body,  the  anterior  end  of 
embryo  commonly  lying  toward  the  ventral  side  of  body  of  parent ;  in  and  in'.,  intes¬ 
tine  ;  vg.  prb.,  cavity  of  proboscis  sheath  ;  n.l.,  lateral  nerve  ;  va.sng.  1.,  lateral  blood 
vessel ;  iteg.  and  iteg'.,  integument ;  gl.  ce.,  cephalic  glands  of  embryo,  x  70. 


early  stages  of  embryonic  life,  and  that  the  integument  of  the  adult 
takes  its  place. 

The  developing  embryos  increase  rapidly  in  size  and  become 
elongated  until  their  length  may  be  twice  as  great  as  the  diameter 
of  the  body  in  which  they  develop.  They  thereby  cause  great  dis¬ 
tension  of  the  body  walls  of  the  parent.  They  encroach  to  so 
great  an  extent  on  the  tissues  of  the  body  as  to  interfere  greatly 
with  the  performance  of  its  normal  functions,  reducing  the  lumen 


556  PROCEEDINGS:  BOSTON  SOCIETY  NATURAL  HISTORY. 

of  the  alimentary  canal  to  a  narrow  slit  (fig.  C)  and  causing  a  par¬ 
tial  collapse  of  the  proboscis  sheath  and  the  blood  vessels.  The 
integument  of  the  adult  finally  becomes  so  highly  stretched  that  it 
is  actually  no  thicker  in  many  places  than  the  integument  of  one  of 
the  embryos  contained  in  the  body.  Circular  and  longitudinal  mus¬ 
cular  layers  are  similarly  affected,  so  that  much  more  than  half  of 
the  actual  cross  section  of  the  body  may  be  occupied  by  the  embryos, 
which  are  closely  packed  on  all  sides  of  the  body.  As  many  as 
four  large  embryos  are  sometimes  encountered  in  a  single  transverse 
section  (fig.  C) ,  although  as  a  rule  only  two  such  embryos  occur  in 
each  cross  section.  When  naturally  disposed  and  not  too  much 
crowded  (pi.  23,  fig.  5)  the  embryos  occupy  a  single  row  on  each 
side  of  the  body.  Although  the  embryo  doubtless  changes  its  posi¬ 
tion  to  some  extent,  and  contracts  and  extends  its  own  body  at  will, 
yet  in  most  cases  it  assumes  a  fairly  definite  position  (pi.  23,  fig.  5). 
In  what  may  be  looked  upon  as  its  natural  position  the  nearly 
mature  embryo  lies  with  its  head  directed  toward  the  ventral  side 
of  the  mother’s  body.  Its  own  body  then  extends  dorsally  to  the 
lateral  border  of  the  proboscis  sheath,  where  it  is  sharply  bent  upon 
itself  until  its  posterior  end  lies  beside  its  head  and  nearer  the 
median  line  of  the  parent’s  body. 

Some  mature  embryos,  however,  stretch  out  lengthwise  of  the 
mother’s  body  (pi.  23,  fig.  6),  and  others  are  twisted  and  coiled 
irregularly,  some  having  their  heads  directed  dorsally.  Before 
birth  they  commonly  attain  a  length  of  from  1.5  to  2  mm.  and  a 
diameter  of  from  0.2  to  0.25  mm. 

In  leaving  the  parent’s  body  the  embryos  rupture  her  body  walls 
at  numerous  places,  but  the  injury  is  in  all  probability  insufficient  to 
cause  death,  for  the  developing  spermatozoa,  and  perhaps  ova, 
remaining  in  her  body  indicate  the  production  of  a  future  crop  of 
genital  products,  as  stated  above. 

The  general  course  of  development  seems  to  agree  rather  closely 
with  that  of  Tetrastemma  vermiculus  and  Drepanophorus  specta- 
bilis  as  described  by  Lebedinsky  (’97).  In  numerous  details,  how¬ 
ever,  the  species  at  hand  reveals  features  of  the  embryonic  origin 
and  development  of  certain  organs  of  the  body  with  remarkable 
clearness.  Such  of  these  as  yield  any  new  light  on  the  general 
problem  of  nemertean  development  will  be  described  in  detail. 

After  cleavage  and  gastrulation  of  the  egg,  the  embryo  consists 
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mainly  of  a  thick  central  mass  of  endodermic  cells,  surrounding  the 
primitive  digestive  cavity,  and  a  thin  outer  layer  of  ectodermic  cells, 
which  are  doubtless  covered  with  delicate  cilia. 

The  body  of  the  embryo  developing  from  the  gastrula  becomes 
somewhat  elongated,  the  ectodermic  layer  thickens,  and  the  blasto¬ 
pore  together,  apparently,  with  the  whole  lumen  of  the  primitive 
alimentary  canal  becomes  obliterated. 

Nervous  system. —  In  a  short  time  the  central  nervous  system 
(brain)  develops  from  invaginations  of  the  ectoderm,  with  which  it 
remains  in  close  contact  (pi.  24,  fig.  10),  as  is  the  adult  condition 
in  the  Paleonemertea,  until  a  late  period  in  the  development,  when 
muscular  and  connective  fibers  grow  in  to  separate  it  from  the  over- 
lying  integument.  The  lateral  nerves  to  all  appearances  represent 
outgrowths  from  the  ventral  brain  lobes.  They  gradually  extend 
backward  from  the  ventral  ganglia  toward  the  posterior  end  of  the 
body,  remaining  for  a  long  time  either  in  or  immediately  beneath 
the  integument. 

At  a  somewhat  later  stage,  when  the  outline  of  the  body  has 
become  considerably  elongated,  the  brain  lobes  become  very  large  as 
compared  with  the  size  of  the  body  (pi.  24,  figs.  10,  11)  and  the 
ventral  commissure  very  conspicuous.  The  lateral  nerves  have  a 
small  central  fibrous  core  and  a  comparatively  thick  layer  of  nerve 
cells  with  distinct  nuclei  (pi.  24,  figs.  12,  16). 

Cerebral  sense  organs. —  These  sense  organs  are  very  conspicu¬ 
ous  at  the  time  of  their  formation,  and  are  comparatively  much 
larger  in  the  young  worm  than  in  the  adult.  They  arise  as  a  pair 
of  invaginations  from  the  ectoderm  of  the  lateral  surface  of  the 
anterior  portion  of  the  body  somewhat  in  front  of  the  brain.  Each 
sense  organ  is  represented  in  the  late  embryo  (pi.  24,  fig.  12)  by  a 
conspicuous  tube  lined  throughout  with  ciliated  columnar  epithelium. 
This  tube  passes  through  the  integument  and  abuts  against  the 
antero-lateral  border  of  the  ventral  brain  lobe.  It  is  broadest  in 
the  integument  and  is  conspicuously  constricted  at  the  point  where 
it  passes  through  the  basement  membrane.  Its  inner  portion  ends 
blindly  in  a  small  chamber  lined  with  ciliated  columnar  cells,  which 
are  similar  to  those  of  the  tube  and  are  imbedded  in  a  mass  of  nerve 
cells  more  or  less  continuous  with  those  wThich  form  the  ganglion 
cell  layers  of  the  brain  lobe.  From  the  posterior  end  of  this  cham¬ 
ber  a  narrow  canal  soon  grows  posteriorly  for  a  short  distance  along 
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the  lateral  border  of  the  brain  lobe.  This  canal  represents  what  is 
later  to  become  the  glandular  portion  of  the  sense  organ,  although 
it  is  at  first  surrounded  by  ganglion  cells  (pi.  24,  fig.  12).  The 
body  of  the  sense  organ  likewise  extends  back  along  the  lateral  face 
of  the  brain. 

The  primitive  position  of  the  sense  organ  is  thus  seen  to  be  imme¬ 
diately  anterior  and  lateral  to  the  anterior  end  of  the  brain,  so  that 
a  transverse  section  through  this  region  of  the  brain  passes  through 
the  posterior  part  of  the  sense  organ  (pi.  24,  fig.  11).  This  remains 
the  permanent  position  in  some  species  of  the  genus,  as  in  G\  aus- 
traliensis ,  where  the  glandular  canal  extends  posteriorly  beside  and 
even  behind  the  brain.  In  G.  agricola ,  however,  the  body  of  the 
sense  organ  remains  of  small  size  and  comes  to  lie  at  some  little 
distance  in  front  of  the  anterior  end  of  the  brain.  The  opening  of 
the  ciliated  tube  on  the  exterior  of  the  head  in  the  adult  is  placed 
much  farther  forward  relatively  to  the  brain,  and  the  tube  itself  is 
much  more  slender  than  is  the  case  in  the  embryo. 

The  change  in  the  relation  of  these  organs  is  accomplished  by  the 
growth  of  the  connective,  muscular,  and  glandular  tissues  in  front 
of  the  brain,  so  that  this  organ,  which  lies  so  near  the  anterior  end 
of  the  body  in  the  embryo,  is  pushed  far  back  from  the  tip  of  the 
snout  in  the  adult  worm.  An  elongation  occurs  also  in  the  rhyn- 
chodaeum  and  in  the  cephalic  glands.  It  is  of  particular  interest  to 
note  that  in  many  species  of  Hoplonemertea  this  primitive  position 
of  the  sense  organ  corresponds  so  closely  with  the  final  position  in 
the  adult. 

Cephalic  glands. —  Early  in  the  development  of  the  embryo  certain 
ectodermic  cells  at  the  anterior  end  of  the  body  sink  inward  beneath 
the  integument  and  by  increase  in  both  size  and  number  give  rise 
to  the  cephalic  glands.  The  cells  are  at  first  of  small  size  but  later 
become  distended  with  an  enormous  amount  of  deeply  staining 
secretion,  so  that  they  are  very  conspicuous  from  an  early  period  in 
all  embryos  (pi.  23,  figs.  5,  6;  pi.  24,  figs.  10,  12,  13  ;  pi.  25,  fig.  19). 
They  gradually  migrate  posteriorly,  some  of  them  passing  behind 
the  brain  lobes,  but  remain  connected  with  each  other  anteriorly 
and  continue  to  discharge  their  secretions  at  the  tip  of  the  snout. 
A  tubular  invagination  of  the  superficial  epithelium  on  the  snout 
forms  a  deep  pit,  into  which  the  glands  then  pour  their  secretions. 
This  pit  grows  back  as  far  as  the  brain  lobes  and  becomes  lined 
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with  a  sensory  epithelium  to  form  the  highly  specialized  frontal 
organ  of  the  adult  (fig.  A,  p.  540) . 

Alimentary  canal. —  When  the  body  of  the  young  embryo  begins 
to  elongate,  the  blastopore  and,  to  all  appearances,  the  whole  lumen 
of  the  primitive  alimentary  canal  become  obliterated.  The  whole 
interior  of  the  body  is  then  occupied  by  a  mass  of  large  vacuolated 
endodermic  cells,  this  mass  filling  practically  the  entire  space 
enclosed  by  the  body  walls  as  far  forward*  as  the  brain  (pi.  24, 
fig.  12) . 

In  most  individuals  no  lumen  whatever  is  to  be  found  within  this 
mass  of  cells  until  a  comparatively  late  period  in  the  embryonic 
development,  when  the  body  has  become  decidedly  worm- like  in 
shape.  A  splitting  then  occurs  which  gives  rise  to  a  conspicuous 
lumen  passing  through  the  midst  of  the  cell  mass.  This  lumen 
forms  the  cavity  of  the  intestine  proper  and  the  intestinal  caecum 
of  the  adult.  It  extends  throughout  the  length  of  the  endodermic 
mass,  from  near  the  brain  region  to  the  posterior  end  of  the  body. 
Whether  this  splitting  takes  place  along  a  line  corresponding  to 
the  earlier  position  of  the  primitive  alimentary  canal  is  uncertain, 
this  canal  having  been  so  completely  obliterated  at  a  much  earlier 
period. 

In  the  meantime  an  invagination  at  the  anterior  end  of  the  embryo 
gives  rise  to  the  rhynchodaeum.  This  invagination  grows  posteriorly 
as  a  rather  narrow  canal  nearly  to  the  brain,  where  it  swells  out  into 
a  conspicuous  chamber  (pi.  24,  figs.  10,  13).  From  this  chamber 
two  limbs  grow  out,  of  which  one  passes  directly  backward 
between  the  brain  lobes  and  dorsal  to  the  commissure  and  con¬ 
tinues  posteriorly  to  form  the  lining  of  the  proboscis  (pi.  21,  figs. 
11,  13).  The  other  limb  bends  sharply  ventrally  and  passes  on  the 
ventral  side  of  the  brain  commissure  as  a  narrow  tube,  the  esoph¬ 
agus,  which  enlarges  immediately  behind  the  brain  into  an  oval 
chamber  of  considerable  size,  the  stomach. 

Both  rhynchodaeum  and  esophagus  are  at  this  time  lined  with 
rather  small  columnar  cells,  while  the  stomach  has  very  large,  highly 
columnar  cells,  a  portion  of  which  are  covered  with  long  and  con¬ 
spicuous  cilia,  while  others  are  converted  into  gland  cells  (pi.  24, 
figs.  12,  13) . 

The  stomach  remains  for  some  time  as  an  oval  chamber  im¬ 
bedded  in  the  anterior  portion  of  the  endodermic  mass  immedi- 
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ately  posterior  to  the  brain,  but  without  any  posterior  opening 
whatever. 

At  a  later  period  (pi.  24,  fig.  13)  a  narrow  canal  grows  out  from 
the  posterior  end  of  the  stomach  and  forces  its  way  backward 
among  the  endoderm  cells.  This  narrow  tube  then  bends  dorsally 
and  continues  its  growth  posteriorly  immediately  beneath  the  pro¬ 
boscis  sheath.  It  remains  closed  at  its  posterior  end  until  it  reaches 
a  point  well  back  in  the  body,  when  it  opens  directly  through  the 
dorsal  wall  into  the  lumen  formed  in  the  midst  of  the  endoderm 
cells,  that  is,  into  the  intestinal  canal.  It  thus  forms  the  pylorus  of 
the  adult,  and  as  it  opens  far  behind  the  anterior  end  of  the  intestinal 
canal,  a  considerable  portion  of  the  latter  is  left  as  a  broad  chamber, 
which  passes  forward  from  the  opening  of  the  pylorus  and  ends 
blindly  immediately  behind  the  brain.  The  chamber  thus  becomes 
the  intestinal  caecum  of  the  adult,  while  the  whole  remaining  por¬ 
tion  of  the  canal  formed  within  the  endodermic  mass  and  lying 
behind  the  pyloric  aperture,  is  the  intestine  proper. 

As  in  Tetrastemma  and  Drepanophorus,  the  rhynchodaeum, 
esophagus,  stomach,  and  pylorus  are  thus  formed  from  the  ecto¬ 
derm,  the  intestine  proper  and  the  intestinal  caecum  alone  being 
derived  from  the  endoderm.  It  is  to  be  observed  that  both  intestine 
proper  and  intestinal  caecum  are  formed  from  the  same  kind  of 
cells,  and  therefore  it  is  not  surprising  to  find  both  these  parts  of 
the  alimentary  canal  exhibiting  practically  the  same  peculiarities  in 
the  adult. 

The  cells  which  compose  the  pylorus  are  much  smaller  than  those 
lining  the  stomach,  but  they  are  likewise  covered  with  cilia,  which 
are  much  finer  and  shorter  than  those  of  the  latter  organ. 

As  the  length  attained  by  the  pylorus  before  opening  into  the 
dorsal  wall  of  the  intestinal  canal  determines  the  length  of  the 
intestinal  caecum  in  this  species,  it  is  reasonable  to  assume  that  the 
great  differences  in  the  length  of  the  caecum  in  various  species  of 
Hoplonemertea  are  largely  due  to  similar  differences  in  the  extent 
of  growth  of  the  pylorus  before  it  opens  into  the  intestinal  canal  in 
the  embryo. 

The  delamination  by  which  the  intestinal  canal  is  formed  in  the 
midst  of  the  mass  of  endodermic  cells  takes  place  in  such  a  way 
that  it  is  surrounded  on  all  sides  by  at  least  two  layers  of  these  cells 
(pi.  24,  fig.  13  ;  pi.  25,  fig.  18).  The  canal  itself  is  commonly 
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somewhat  crescentic  in  transverse  section  (pi.  25,  fig.  18),  the  horns 
of  the  crescent  extending  laterally  and  dorsally  into  the  region  later 
occupied  by  the  intestinal  lobes. 

The  exact  relation  of  the  endodermic  cells  to  the  cells  which 
later  form  the  lining  of  the  intestine  is  difficult  to  determine. 
Lebedinsky  (’97)  describes  the  delamination  by  which  the  lumen  of 
the  intestine  is  formed  in  the  solid  mass  of  endoderm  cells  in 
Tetrastemma  and  Drepanophorus.  As  in  Geonemertes,  the  intes¬ 
tinal  lumen  is  here  surrounded  by  several  layers  of  vacuolated 
endodermic  cells.  Of  these  the  cells  immediately  lining  the  lumen 
very  soon  become  columnar  in  shape  and,  together  with  a  portion  or 
all  of  the  more  peripheral  cells,  form  the  columnar  epithelium  of  the 
intestine  in  the  adult.  In  any  of  these  cases  it  is  impossible  to  deter¬ 
mine  whether  all  the  cells  of  the  original  endoderm  are  later  pre¬ 
served  in  the  intestinal  epithelium  or  whether  the  central  cells  form 
this  epithelium  and  absorb  the  cells  situated  more  peripherally. 
At  this  time,  when  the  intestinal  cells  are  being  rearranged  by  the 
ingrowth  of  the  fibrous  dissepiments  to  form  the  intestinal  lobes, 
the  cells  become  very  much  vacuolated  and  the  cell  boundaries  very 
indistinct.  It  is  certain  that  the  intestinal  epithelium  is  derived 
from  the  mass  of  the  endodermic  cells,  but  whether  all  or  only  a 
portion  of  these  cells  preserve  their  individuality  in  the  adult  intes¬ 
tine  is  undetermined. 

The  intestinal  lumen  becomes  a  broad  canal  which  remains  for 
some  time  without  indication  of  lobes,  very  much  as  in  the  adult 
body  of  some  of  the  Paleonemertea,  but  at  a  later  period  vertical 
fibrous  dissepiments  grow  in,  uniting  the  dorsal  body  walls  with  the 
ventral  and  dividing  up  the  lateral  portions  of  the  intestinal  canal 
into  shallow  pouches.  The  position  of  these  dissepiments  does  not 
seem  to  be  marked  out  previous  to  their  formation,  either  in  the 
intestinal  epithelium  or  in  the  body  walls.  They  are  first  indicated 
as  slightly  thickened  strands  of  connective  tissue,  which  divide  the 
endodermic  cells  into  groups  at  regular  intervals.  As  a  rule  they 
are  about  as  widely  separated  as  the  width  of  two  to  four  endo¬ 
dermic  cells,  so  that  in  a  parasagittal  section  of  the  body  at  this 
stage  the  endodermic  cells  are  seen  to  be  divided  into  vertical 
groups  perhaps  five  to  ten  cells  high  and  two,  three,  or  four  cells 
wide  (pi.  24,  figs.  14,  15).  The  groups  of  cells  are  arranged  in 
regular  pairs,  each  group  corresponding  to  a  future  intestinal  lobe. 
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At  this  time  the  space  between  the  dissepiments  is  filled  with  a  solid 
mass  of  cells.  The  cells  then  split  apart  to  form  a  lumen  contin¬ 
uous  with  that  of  the  main  intestinal  canal.  The  cells  of  the  pouch 
are  then  rearranged  into  a  single  layer  on  each  side  of  the  lumen, 
each  cell  assuming  a  more  columnar  shape.  In  the  elongation  of 
the  cell  to  its  final  columnar  form  the  cytoplasm  and  vacuoles  are 
rearranged  in  the  cell,  and  the  nucleus  is  pushed  down  toward  the 
base,  that  is,  toward  the  side  of  the  cell  farthest  from  the  lumen. 

The  endodermic  cells  of  the  early  embryo  are  of  large  size  and 
comparatively  few  in  number.  Each  cell  is  thickly  crowded  with 
yolk  spheres,  most  of  which  are  rapidly  absorbed,  although  a  few 
remain  until  the  embryo  is  nearly  mature.  With  the  absorption  of 
the  yolk  occurs  a  marked  vacuolation  of  the  cytoplasm  (pi.  24,  figs. 
12,  16),  which  increases  in  prominence  up  to  the  time  of  the  forma¬ 
tion  of  the  definite  epithelium,  when  the  cell  changes  its  shape  as 
above  described.  With  the  assumption  of  the  ultimate  columnar 
form  of  the  cell,  the  vacuoles  disappear,  and  are  replaced  by  the 
granules  of  the  secretion  so  characteristic  of  the  intestinal  cells  of 
the  adult.  With  the  growth  of  the  body  the  central  lumen  of  the 
intestine  becomes  comparatively  narrower,  and  the  intestinal  lobes 
very  much  deeper ;  this  applies  with  equal  force  to  the  intestinal 
caecum,  which  has  similar  paired  diverticula. 

The  anus  and  rectum  are  formed,  as  in  other  species,  by  mutual 
ingrowth  from  the  ectoderm  at  the  posterior  end  of  the  body  and 
outgrowth  of  the  posterior  end  of  the  intestinal  canal.  The  alimen¬ 
tary  canal  thereby  assumes  the  form  of  a  continuous  tube  open  at 
both  ends  of  the  body,  with  intestinal  diverticula  as  in  the  adult. 
The  lining  of  the  rhynchodaeum,  esophagus,  stomach,  pylorus,  and 
anus  is  thus  derived  from  the  ectoderm,  while  the  lining  of  the  intes¬ 
tine  proper  and  intestinal  caecum  is  endodermic  in  origin,  as  stated 
above.  This  appears  to  be  true  not  only  for  the  Hoplonemertea 
in  general,  where  a  direct  type  of  development  is  the  rule,  but 
also  for  the  Heteronemertea,  which  pass  through  a  complicated 
metamorphosis. 

Proboscis. —  The  ectodermic  invagination  forming  the  rhvncho- 
daeum  widens  out  into  a  conspicuous  chamber  immediately  in  front 
of  the  brain,  from  which  the  esophagus  grows  back  beneath  the 
brain  commissure  as  described  above.  A  similar  posterior  growth 
from  this  chamber  passes  between  the  brain  lobes  on  the  dorsal 
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side  of  the  commissure.  This  outgrowth  forms  the  lining  of  the 
proboscis,  which  is  consequently  of  ectodermic  origin.  This  ecto¬ 
derm  grows  backward  as  a  solid  mass  of  cells,  which  soon  arrange 
themselves  into  a  narrow  tube  lined  with  cuboidal  or  low  columnar 
cells.  Its  growth  posteriorly  is  accompanied  by  a  multiplication  and 
crowding  together  of  the  adjacent  mesodermic  cells,  which  later 
form  the  muscular  walls  of  the  proboscis. 

The  tube  with  its  cap  of  unarranged  ectodermic  cells  grows  back¬ 
ward  toward  the  posterior  end  of  the  body  in  the  median  line,  dor¬ 
sal  to  the  mass  of  endoderm  cells  and  immediately  internal  to  the 
body  walls.  A  section  through  the  body  at  the  point  just  reached 
by  the  end  of  the  advancing  proboscis  (pi.  25,  fig.  17)  shows  a  solid 
mass  of  cells  of  which  the  central  ones  are  probably  ectodermic 
and  the  lateral  ones  mesodermic  in  origin. 

As  the  growth  continues  to  the  posterior  end  of  the  body  the 
ectodermic  lining  of  the  tube  of  the  proboscis  remains  closely 
invested  with  mesodermic  cells,  which  form  the  muscular  and  con¬ 
nective-tissue  walls. 

The  mesoderm  immediately  surrounding  the  proboscis  becomes 
separated  from  the  adjacent  mesoderm,  the  cleft  forming  the  rhyn- 
chocoel.  The  adjacent  mesoderm  forms  the  proboscis  sheath, 
which  for  a  long  time  remains  as  a  single  layer  of  delicate  fibers 
(pi.  25,  fig.  18).  It  later  becomes  thickened  and  its  musculature 
is  arranged  in  definite  layers  as  in  the  adult.  In  Careinonemertes 
(Coe,  :  02)  the  separation  of  the  proboscis  from  the  proboscis  sheath 
takes  place  only  as  far  back  as  the  anterior  end  of  the  posterior 
chamber,  the  walls  of  this  chamber  remaining  permanently  con¬ 
nected  with  the  walls  of  the  sheath. 

The  development  of  the  armature  of  the  proboscis  proceeds  very 
much  as  in  Prosorhochmus  as  described  by  Biirger  (’95,  p.  482).  At 
a  definite  point  in  the  posterior  third  of  the  proboscis  the  muscular 
and  connective  tissues  increase  to  form  a  thick  transverse  septum, 
which  marks  off  the  proboscis  cavity  into  an  anterior  and  a  pos¬ 
terior  chamber.  These  two  chambers  remain  connected  by  a  com¬ 
paratively  narrow  tube,  which  is  at  first  lined  with  a  single  layer  of 
regularly  arranged  columnar  cells  (pi.  25,  fig.  20).  On  one  side  of 
this  narrow  tube  a  small  evagination  of  the  columnar  epithelial 
cells  forms  a  short  pouch,  which  is  without  any  lumen,  consisting  of 
an  almost  solid  mass  of  columnar  epithelium.  These  cells  then 
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become  arranged  to  form  a  narrow  cylinder,  and  pour  out  a  solid 
granular  secretion  which  immediately  hardens  to  form  the  basis  of 
the  central  stylet. 

The  cells  of  this  cylindrical  mass  are  at  first  without  any  very 
definite  arrangement,  so  that  the  first  indication  of  the  basis  is  a 
solid  rod  of  secretion  without  definite  shape.  Gradually,  however, 
the  secreting  cells  (pi.  25,  fig.  20-25)  assume  very  definite  positions 
and  are  arranged  around  a  lumen  of  characteristic  shape,  thus 
making  a  mold  in  which  the  secretions  harden  to  form  a  stylet 
basis  of  exactly  the  same  proportions.  The  mold  is  at  first  very 
narrow,  so  that  primarily  the  basis  is  slender,  cylindrical,  and  very 
small. 

The  great  diversity  in  the  shape  of  the  basis  in  different  species 
of  Hoplonemertea  is  thus  dependent  upon  the  arrangement  of  the 
cells  forming  the  mold  into  which  the  secretion  that  forms  the  basis 
is  poured. 

The  basis  increases  in  size  with  the  accumulation  of  secretion  and 
gradually  acquires  the  definite  form  characteristic  of  the  adult. 
Even  in  a  nearly  mature  embryo,  however,  the  basis  is  still  much 
more  slender  and  of  vastly  smaller  size  than  in  the  adult.  A  com¬ 
parison  of  the  diameter  of  the  basis  of  an  adult  worm  with  that  of 
an  embryo  still  in  the  body,  but  nearly  mature,  is  represented  in 
figure  1),  the  larger  circle  representing  the  outline  of  the  basis  in 

the  proboscis  of  the  adult,  and  the 
much  smaller  circle  in  the  center  of 
the  large  one,  a  similar  outline  in  the 
embryo.  The  relative  diameters  are 
about  as  1  to  10,  thus  corresponding 
with  a  comparative  cross  section  of  1 
to  100.  The  basis  is,  however,  much 
more  slender  in  the  embrvo  than  in 
the  adult,  the  relative  lengths  being 
about  as  1  to  4  or  5.  The  actual  bulk 
of  the  basis  in  the  adult  is  therefore 
not  far  from  four  or  five  hundred 
times  that  of  the  corresponding  part 
in  the  mature  embrvo. 

The  cylindrical  outgrowth  of  cells  which  secrete  the  basis  takes 
place  from  the  wall  of  a  conspicuous  chamber  (pi.  25,  fig.  20)  in 


Fig.  D. — Diagram  showing  compara¬ 
tive  size  of  cross  sections  of  basis 
of  central  stylet  in  the  adult  worm 
(outer  circle),  and  in  a  nearly  ma¬ 
ture  embryo  (inner  circle) ;  both 
drawn  to  the  same  scale,  x  567. 
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the  thick  septum  described  above.  The  cylinder  of  cells  lies 
oblique  to  the  longitudinal  axis  of  the  proboscis  for  a  short  time, 
but  soon  comes  to  lie  symmetrically  nearly  in  the  center  of  the  pro¬ 
boscis.  At  the  same  time  the  canal  connecting  the  anterior  and 
posterior  chambers  of  the  proboscis  is  greatly  reduced  in  size,  and 
the  chamber  behind  the  septum  is  constricted  by  an  ingrowth  of  the 
proboscis  walls  into  a  middle  and  a  posterior  chamber.  The  chamber 
from  which  the  outgrowth  takes  place  is  likewise  reduced  in  size,  so 
that  it  surrounds  the  central  stylet  rather  closely  (pi.  25.  fig.  21).  It 
leads  forward  to  the  anterior  chamber  of  the  proboscis,  into  which 
it  opens  by  a  comparatively  narrow  tube. 

The  opening  is  almost  obliterated,  or  at  least  hidden  from  view, 
by  an  enormous  growth  of  deeply  staining  gland  cells  (pi.  25,  figs. 
20,  21),  which  form  a  broad  and  thick  disk  on  the  anterior  margin 
•  of  the  septum.  The  glands  pour  their  secretions  into  the  anterior 
proboscis  chamber.  Similar  glands  occur  in  nearly  all  Hoplonemer- 
tea,  sometimes  remaining  as  a  disk  at  the  posterior  end  of  the 
anterior  chamber,  but  more  often  sinking  deeper  into  the  tissues 
of  the  septum,  and  assuming  the  form  of  a  wreath  which  surrounds 
the  stylet  apparatus,  but  situated  in  the  peripheral  portions  of  the 
septum. 

These  glands  have  been  commonly  looked  upon  as  themselves 
forming  the  secretion  out  of  which  the  basis  is  composed,  although, 
as  shown  above,  that  function  belongs  to  other  cells.  Their  secre¬ 
tion  is  poured  either  into  the  anterior  chamber  or  into  the  canal 
passing  through  the  septum,  the  basis  being  composed  entirely  of 
the  secretions  of  the  cylinder  of  cells,  described  above.  In  trans¬ 
verse  section  (pi.  25,  figs.  22,  23)  these  cells  are  seen  to  be  symmet¬ 
rically  placed  around  the  circular  lumen  filled  by  the  basis.  The 
nuclei  likewise  form  a  nearly  perfect  circle,  all  being  situated  at  an 
equal  distance  from  the  lumen.  The  cell  membranes  are  often 
inconspicuous,  although  a  distinct  line  of  granules  of  secretion  can 
be  seen  in  the  interior  of  the  cell,  extending  from  near  the  nucleus 
outward  to  the  free  border  of  the  cell  (pi.  25,  figs.  22,  23). 

The  definite  origin  of  the  central  stylet  itself  has  not  been  deter¬ 
mined  with  certainty.  Burger  (’95,  p.  482)  finds  in  Prosorhochmus 
that  the  accessory  stylet  pouches  are  each  composed  of  a  single  cell 
only,  the  stylets  themselves  being  formed  as  a  secretion  in  this  cell. 
After  its  formation  in  this  manner  one  of  the  stylets  passes  through 
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tlie  duct  leading  from  the  pouch  to  the  anterior  proboscis  chamber 
and  is  thence  transferred  to  the  apex  of  the  basis,  which  has  already 
been  formed  in  the  manner  above  described.  The  central  stylet  is 
thus  supposed  to  be  replaced  from  time  to  time  by  one  of  the  acces¬ 
sory  stylets. 

Although  it  cannot  be  stated  positively,  a  study  of  the  developing 
stylet  in  Geonemertes  indicates  strongly  that  the  central  stylet  is 
actually  formed  in  situ  on  the  apex  of  the  basis.  In  Carcinone- 
mertes,  in  which  no  accessory  stylet  pouches  or  stylets  are  present, 
the  central  stylet  must  of  necessity  be  formed  at  or  near  its  ultimate 
position  at  the  apex  of  the  basis.  This  would  support  Montgomery’s 
view  that  at  least  in  certain  forms  the  central  stylet  originates 
independently  of  the  accessory  stylet  pouches. 

Habits. 

The  species  is  found  in  abundance  at  several  places  on  the  Ber¬ 
muda  Islands,  but  so  far  as  known,  occurs  only  along  the  shores  of 
mangrove  swamps  and  on  the  adjacent  hillsides.  In  the  summer  it 
has  been  found  only  in  the  moist  soil  near  high-water  mark, 
although  it  probably  also  occurs  higher  up  on  the  hillsides,  where  it 
has  been  found  in  the  spring  months.  In  the  summer  these  hill¬ 
sides  become  very  dry  at  the  surface  so  that  the  nemerteans  prob¬ 
ably  follow  the  burrows  made  by  the  earthworms  deeper  into  the 
soil,  where  moisture  is  more  abundant. 

Near  high-water  mark  on  the  edge  of  the  mangrove  swamps  the 
soil  consists  mainly  of  black  mud  succeeded  by  a  dark  or  reddish 
loam  farther  up  the  banks.  Under  stones,  sticks,  and  rubbish  of 
various  sorts  in  such  localities  occurs  an  abundance  of  earthworms 
of  various  species,  of  which  some  are  indigenous  and  others  im¬ 
ported  accidentally.  Associated  with  these  earthworms  are  nema¬ 
todes  and  sometimes  insects,  as  well  as  the  species  of  nemertean 
which  forms  the  subject  of  this  investigation. 

The  nemertean  is  easily  distinguished  by  its  pale  gray,  whitish, 
or  orange  color,  and  by  the  large  whitish  proboscis  which  it  everts 
when  irritated.  It  occurs  not  only  above  high-water  mark  but  also 
for  some  distance  along  a  zone  which  is  covered  for  a  short  time 
each  day  with  sea  water.  This  is  also  true  for  one  or  more  species 
of  earthworms.  Individuals  found  between  tides  are  as  a  rule  of 
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smaller  size  than  those  living  in  the  soil  which  is  a  little  above  the 
reach  of  the  tide,  but  in  earth  which  is  nearly  saturated  with  salt 
water. 

The  worms  do  not  burrow  in  the  soil,  but  lie  beneath  stones  and 
other  substances  that  will  protect  them  from  the  rays  of  the  sun 
and  also,  it  is  to  be  supposed,  from  their  enemies.  They  are  often 
found  at  some  distance  beneath  the  surface  of  the  soil,  having  fol- 
lowed  the  burrows  made  by  earthworms. 

It  is  of  interest  to  note  that  another  species  of  nemertean,  be¬ 
longing  to  the  genus  Lineus,  occurs  in  some  of  the  same  localities 
and  is  found  from  the  zone  of  half  tide  nearly  up  to  high-water  mark. 
This  Lineus  often  occurs  under  the  same  stone  with  specimens  of 
Geonemertes,  and  like  the  latter  will  live  a  long  time  in  earth  moist¬ 
ened  with  sea  water. 

Willemoes-Sulim  (’74,  p.  411)  observed  that  the  land  nemerteans 
are  not  injured  by  pouring  fresh  water  over  the  earth  in  which  they 
are  living,  but  that  immersion  in  fresh  water  kills  them  in  a  few 
hours. 

Numerous  individuals  were  subjected  to  a  series  of  experiments 
by  the  writer,  and  demonstrated  their  extreme  hardiness  by  surviv¬ 
ing  under  the  most  rigorous  conditions.  A  dozen  worms  placed 
in  a  jar  of  sea  water  lived  for  several  weeks  without  food  or 
change  of  water.  Unless  disturbed  they  spent  their  whole  time,  at 
least  in  daylight,  above  the  surface  of  the  water,  clinging  in  a  hori¬ 
zontal  position  against  the  sides  of  the  vessel  in  which  they  were 
contained.  Several  specimens  were  usually  stretched  out  side  by 
side  in  close  contact.  In  damp  earth  the  worms  were  as  active  at 
the  end  of  four  weeks  as  at  the  beginning.  In  such  earth  they  col¬ 
lect  in  groups  in  small  cavities  which  they  find  and  which  the}^  line 
with  their  mucous  secretions.  The  earth  can  even  become  compar¬ 
atively  dry  without  injury  to  the  worm.  Freshwater  can  be  added 
in  considerable  amount  to  the  soil  or  to  the  salt  water  in  which  the 
worms  are  living  with  no  apparent  unfavorable  results,  although  the 
worms  will  not  live  in  fresh  water  alone. 

The  origin  of  the  land  nemerteans  has  been  the  cause  of  a  con¬ 
siderable  amount  of  speculation,  most  writers  holding  that  they 
must  have  come  from  marine  forms.  Montgomery,  however,  in  a 
very  suggestive  paper  (’95a,  p.  483)  argues  that  most,  if  not  all 
land  nemerteans  probably  have  descended  from  fresh-water  forms. 
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The  habitat  of  the  Bermudan  species  as  described  above,  however, 
and  the  presence  of  the  form  on  islands  where  little  or  no  fresh 
water  occurs  either  in  streams  or  pools  other  than  those  formed 
immediately  after  a  shower,  practically  proves  the  origin  of  at  least 
one  form  directly  from  a  marine  ancestor. 

It  is  not  known  whether  the  species  is  indigenous  to  Bermuda, 
for  it  is  possible  that  it  may  have  been  accidentally  introduced,  in 
company  with  earthworms,  with  plants  from  some  other  part  of  the 
world.  It  is,  however,  quite  distinct  from  any  of  the  other  known 
species  of  the  genus,  and  is  widely  distributed  on  these  islands. 
The  fact  that  it  lives  below  high-water  mark  as  well  as  above  sea 
level  would  indicate  that  it  is  indigenous  if  not  peculiar  to  the  Ber¬ 
mudas,  for  few  if  any  plants  living  in  the  zone  inhabited  by  the 
nemerteans  have  been  introduced  by  man. 

The  species  occurs  abundantly  on  the  borders  of  the  mangrove 
swamps  at  Hungry  Bay  and  at  Bailey’s  Bay,  and  has  been  found  at 
Walsingham  Bay,  on  the  shores  of  Castle  Harbor,  near  the  “  Cause¬ 
way,”  at  Hamilton  Harbor,  and  in  other  localities. 

Sheffield  Biological  Laboratory, 

Yale  University. 
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EXPLANATION  OF  PLATES. 


Abbreviations. 

Except  when  otherwise  indicated,  a  prime  (')  mark  following  an  abbreviation 
indicates  that  the  organ  in  question  belongs  to  an  embryo. 


a.  Anterior  chamber  of  proboscis. 
can.  Canal  from  middle  to  anterior 
chamber  of  proboscis. 
can.  til.  Ciliated  canal  of  cerebral 
sense  organ. 
cb.  Brain. 
cl.  n.  Nerve  cell. 

dt.  Duct  from  accessory  stylet  poqch. 
emb.  Embryo. 

foil.  Follicular  epithelium;  follicle. 

gas.  Stomach. 

gl.  Glajid  cell. 

gl.  ce.  Cephalic  glands. 

in.  Intestine,  or  endoderm  of  embryo. 

in.  coe.  Caecum  of  intestine. 

iteg.  Integument. 

m.  Middle  chamber  of  proboscis. 

mb.  ba.  Basement  membrane. 

mu.  Muscular  layers. 

mu.  crc.  Circular  muscles. 

mu.  Ig.  Longitudinal  muscles. 


nl.  Nucleus. 

n.  1.  Lateral  nerve. 
nil.  Nucleolus. 
oes.  Esophagus. 

of.  pyl.  Opening  of  pylorus  into 
intestine. 

o.  sns.  Cerebral  sense  organ, 
or.  Ovum. 

ovy.  Ovary. 

p.  Posterior  chamber  of  proboscis. 
prb.  Proboscis. 

pyl.  Pylorus. 

rhnc.  Rliynchocoel. 

rhnd.  Rhyncliodaeum. 
sp'go.  Spermatogonia. 
sp'go’.  Spermatocytes. 
spy.  Spermary. 
sp'zo.  Spermatozoa. 
va.  sng.  Blood  vessel. 

vg.  prb.  Proboscis  sheath. 
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PLATE  23. 

Geonemertes  agricola. 

Fig.  1.  Small,  but  sexually  mature  individual  of  the  pale  colored  variety. 
X  8.  Bailey’s  Bay. 

Fig.  2.  Individual  of  the  orange  colored  variety  with  brownish  intestinal  lobes. 

This  specimen  was  crowded  with  nearly  mature  embryos,  and  had 
in  addition  small  spermaries  with  well  formed  spermatogonia  and 
spermatozoa  as  well  as  small  ova  in  separate  gonads.  Compare 
figures  6,  7,  8,  and  9.  X  5.  Hungry  Bay. 

Fig.  3.  Central  stylet  and  basis,  showing  lobes  on  head  of  stylet.  X  300. 

Fig.  4.  Two  of  the  five  .accessory  stylets  with  lobed  heads  from  one  of  the  two 
lateral  pouches.  X  300. 

Fig.  5.  Transverse  section  of  body  of  an  individual  with  nearly  mature 
embryos,  both  of  those  shown  having  the  head  directed  toward  the 
ventral  side  of  the  body.  The  embryos  have  encroached  upon  the 
tissues  of  the  body  to  such  an  extent  as  greatly  to  reduce  the  size 
of  alimentary  canal  and  other  organs.  X  30. 

Fig.  6.  Portion  of  parasagittal  section  of  body  of  worm,  anterior  to  the  left,  con¬ 
taining  large  embryos  as  well  as  small  pouches  of  immature  eggs 
and  spermatozoa.  X  30.  Compare  figures  7,  8,  and  9. 

Fig.  7.  Immature  genital  gland  from  same  individual  as  that  of  figure  6,  show¬ 
ing  the  development  of  both  ova  and  spermatozoa  in  the  same 
gonad.  X  150. 

Fig.  8.  Genital  gland  (ovary)  from  same  individual  as  in  figures  6  and  7,  show¬ 
ing  the  development  of  a  single  ovum  in  the  gonad.  X  150. 

Fig.  9.  Genital  gland  (spermary)  with  developing  spermatozoa.  From  same 
individual  as  in  figures  6,  7,  and  8.  X  150. 
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PLATE  24. 


Geonemertes  agricola. 

Fig.  10.  Frontal  section  of  young  embryo,  showing  the  solid  mass  of  endo- 
dermic  cells  (in.1)  of  the  future  intestine,  the  very  large  brain  lobes 
{cb.),  the  well  developed  cephalic  glands  ( gl .  ce.),  the  rhynchodaeum 
leading  into  an  oval  chamber  in  front  of  brain,  and  esophagus 
passing  into  stomach  {gas.).  X  237. 

Fig.  11.  Transverse  section  through  brain  region  of  young  embryo  of  about 
the  same  age  as  that  shown  in  figure  10.  The  large  brain  lobes 
{cb  )  are  united  to  each  other  by  a  broad  ventral  commissure,  above 
which  is  the  large  proboscis  {prb.)  and  below  which  is  the  narrow 
esophagus  ( oes .)  X  237. 

Fig.  12.  Frontal  section  of  anterior  portion  of  body  of  late  embryo  showing 
large,  vacuolated  endodermic  cells  (in'.),  which  later  form  the 
intestinal  caecum.  The  stomach  {gas.)  is  situated  directly  behind 
the  brain  lobes.  Cerebral  sense  organ  (o.  sms.)  well  developed, 
and  broad  ciliated  canal  {can.  cil.)  opening  laterally.  X  237. 

Fig.  13.  Sagittal  section  of  anterior  portion  of  nearly  mature  embryo. 

Rhynchodaeum  {rhnd.)  leads  into  broad  chamber  in  front  of 
brain  {cb.),  from  which  chamber  the  esophagus  (oes.)  passes  to  stom¬ 
ach  {gas.),  and  the  latter  through  the  long  pylorus  {pyl.)  leads  into 
intestine  {in.)  through  a  narrow  opening  {of.  pyl.)  ;  in.  coe .,  cavity 
of  intestinal  caecum,  which  later  grows  forw-ard  through  solid 
mass  of  endoderm  cells  {in'.).  X  237. 

Fig.  14.  Parasagittal  section  of  portion  of  intestinal  tract  of  fully  mature 
embryo,  showing  the  arrangement  of  the  vacuolated  endodermic 
cells  between  fibrous  dissepiments,  thus  forming  the  metameric 
intestinal  lobes.  X  237. 

Fig.  15.  Transverse  section  through  intestinal  lobe  of  mature  embryo. 
X  237. 

Fig.  16.  Portion  of  frontal  section  of  integument  and  lateral  nerve  (n.  1.)  of 
mature  embryo,  showing  relation  of  glandular  {gl.)  and  ciliated 
cells  of  integument,  the  nerve  cells  {cl.  n.)  bordering  fibrous  core 
of  nerve,  and  vacuolated  cells  of  endoderm  {in.).  X  530. 
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Geonemertes  agricola. 

Fig.  17.  Transverse  section  of  body  of  early  embryo,  showing  the  solid  mass 
of  endodermic  cells  {in'.),  the  lateral  nerve  ( n .  1.),  and  the  group  of 
ectodermic  and  mesodermic  cells  ( prb '.)  which  later  form  the  pro¬ 
boscis  and  proboscis  sheath.  X  237. 

Fig.  18.  Transverse  section  of  body  of  late  embryo,  showing  vacuolated 
endodermic  cells  surrounding  cavity  of  intestine  (in.),  and  the  well 
developed  proboscis  (prb.)  in  proboscis  sheath.  X  237. 

Fig.  19.  Nearly  frontal  section  of  anterior  portion  of  body  of  late  embryo, 
showing  rhynchodaeum  (rhnd.)  leading  through  narrow  esophagus 
to  stomach  (gas.),  the  relations  of  brain  (cb.)  to  lateral  nerve 
(n.l),  and  the  highly  developed  cephalic  glands  (gl.  ce.).  X  237. 

Fig.  20.  Portion  of  longitudinal  section  of  proboscis,  showing  the  central 
stylet  and  basis  formed  from  an  outgrowth  of  the  proboscis 
epithelium.  X  530. 

Fig.  21.  A  similar  section  in  a  somewhat  later  embryo,  showing  the  two 
pouches  of  accessory  stylets  opening  through  duct  ( dt .)  into  ante¬ 
rior  chamber.  X  530. 

Figs.  22  and  23.  Transverse  sections  of  basis  of  central  stylet  in  mature 
embryo,  showing  relations  of  cells  by  which  the  basis  is  secreted. 
X  530. 

Figs.  24  and  25.  Longitudinal  sections  of  basis  of  central  stylet,  showing  out¬ 
line  of  mold  formed  by  the  epithelial  cells  by  which  basis  is 
secreted.  X  530. 

Fig.  26.  Portion  of  transverse  section  of  body  of  worm  which  contained 
mature  embryos,  showing  one  of  the  spermaries  which  develop 
at  the  same  time.  The  efferent  duct  leads  into,  but  not  through, 
the  integument  (iteg.).  Groups  of  spermatogonia  (sp’go.),  sper¬ 
matocytes  (sp'go1.),  and  spermatozoa  (sp'zo.)  in  various  stages  of 
development  occur.  X  530. 
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